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It  is  emphasized  that  the  Standards  and  the  Rules  adopted  represent  what  is  
believed  to  be a reasonable  balance  between  the  diverse  and  sometimes  conflicting  
objectives  of  our  basic  allocation  plan.

These  standards  are  based  on  the  best  engineering  data  available  supplied  in  
formal  and  informal  hearings  and  extensive  surveys  conducted  by  the  Commission.  
Numerous  informal  conferences  have  been  held  with  radio  engineers,  manufacturers  
of  radio  equipment  and  others  for  the  guidance  of  the  Commission  in the  formulation  
of  these  standards.

These  standards  set  forth  the  conditions  under  which  they  are  applicable.  They  
provide  for  some flexibility  and  for  the  exercise  of  certain  engineering  judgments .  
It  should  be emphasized,  however,  that  no  material  deviation  from  the  underlying  or  
fundamental  priciples  will  be recognized  except  through  established  rule-making  
procedures .

There  are presented  herein  the  Standards  of  Good Engineering  Practice  Concern 
ing  Standard  Broadcast  Stations  giving  engineering  standards  which  set  forth  the  
principles  of  application  of  stations  and  define  the  classes  of  standard  broadcast  
stations,  their  purposes,  the  broadcast  service  rendered  by  them,  and  the  degree  of  
protection  which  they  are  normally  afforded.  Thus,  there  are  set  forth  the  require 
ments  as  to  heights  of  antennas,  the  powers  and  hours  of  operation  for  which  stations  
are  regularly  licensed,  and  groundwave  and  skywave  propagation  curves  with  other  
curves  and  related  information.  These  standards  also  contain  the  provisions  deemed 
necessary  for  the  construction  and  operation  of  standard  broadcast  stations  to  meet  
the  requirements  of technical  regulations  and  for  operation  in  the  public  interest  
along  technical  lines  not  specifically  enunciated  in  the  regulations.  They  also  
provide  certain  information  which  may be of  assistance,  such  as  in the  selection  of  
transmitter  sites.  These  standards  augment  the  rules  and  regulations  and  set  forth  
accepted  engineering  principles  and  techniques  to  be used  in  station  allocation.

The Commission  will  review  these  Standards  of Good Engineering  Practice  in  
order  to determine  that  the  objectives  of  the  allocation  plan  of  standard  broad 
cast  frequencies  are  be ing  carried  out.  Further,  these  Standards  of Good Eng
ineering  Practice  will  also  necessarily  change  as  progress  is  made in  the  art,  
and  accordingly,  it  will  be necessary  to  make revisions  from  time  to  time.  The 
Commission  will  accumulate  and  analyze  engineering  data  available  as  to  the  progress  
of  the  art  so  that  its  standards  may be kept  current  with  the  developments.  
(FCC 54-333)

"Broadcast  service"  and  "interference  to  such  service"  are  dependent  upon  so  
many variable  factors  that  it  is  essential  that  terms  such  as  these  be defined  and  
that  specific  methods  for  determining  their  values  be provided.  Thus,  "service"  
varies  with  the  individual  listener,  the  particular  circumstances,  the  nature  of  
the  program  material,  and  the  ability  of  the  particular  radio  receiver  to  reject  
unwanted  signals.  Moreover,  the  strength,  utility  and  nature  of  the  received  
signals,  both  desired  and  undesired,  may vary  with  the  time  of day,  time  of year,  
weather  conditions,  and  other  factors.  Accordingly,  in  these  fields,  an approach  
on a  substantially  statistical  basis  is  called  for:  We must  rely,  therefore,  on 
averages  and  norms .
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(d)  While  these  standards  provide  for  flexibility  and  set  forth  the  conditions  
under  thich  they  are  applicable,  it  is  not  expected  that  material  deviation  there 
from  as  to  fundamental  principles  will  be recognized  unless  full  information  is  
submitted  as  to  the  reasonableness  of  such  departure  and  the  need  therefor.

(b)  The Technical  Standards  set  forth  herein  are  those  deemed necessary  
for  the  construction  and  operation  of  standard  broadcast  stations  to  meet  the  
requirements  of  technical  regulations  and  for  operation  in  public  interest  along  
technical  lines  not  specifically  enunciated  in  the  regulations.  These  stand 
ards  are  based  on the  best  engineering  data  available  from  evidence  supplied  in  
formal  and  informal  hearings  and  extensive  surveys  conducted  in  the  field  by  the  
Commission's  personnel.  Numerous  informal  conferences  have  been  held  with  radio  
engineers,  manufacturers  of  radio  equipment  and  others  for  the  guidance  of  the  
Commission  in  the  formulation  of  these  standards.

(c)  These  standards  are  complete  in  themselves  and  supersede  any  previous  
announcements  or policies  which  may have  been  enunciated  by  the  Commission  on 
engineering  matters  concerning  standard  broadcast  stations.

(1)  Class  I  stations  are  dominant  stations  operating  on clear  channels  
with  powers  of not  less  than  10 or more  than  50 kw.  These  stations  are  designed  
to  render  primary  and  secondary  service  over  an extended  area  and  at  relatively  
long  distances,  hence  have  their  primary  service  areas  free  from  objectionable  
interference  from  other  stations  on the  same and  adjacent  channels  and  secondary  
service  areas  free  from  objectionable  interference  from  stations  on the  same 
channels.  (The  secondary  service  area  of  a Class  I  station  is  not  protected  from  
adjacent  channel  interference.  However,  if  it  is  desired  to  make a determination

§ 3.181  Introduction .--(a)  There  are  presented  herein  the  Technical  Standards  
giving  interpretations  and  further  considerations  concerning  the  rules  and  re 
gulations  of  the  Federal  Communications  Commission  governing  standard  broadcast  
stations.  While  rules  and  regulations  form  the  basis  of  good  engineering  
practice,  these  standards  may go  beyond  the  rules  and  regulations  and  set  up 
engineering  principles  for  consideration  of  various  allocation  problems.  These  
standards  have  been  approved  by  the  Commission  and  thus  are  considered  as  re 
flecting  the  opinion  of  the  Commission  in  all  matters  involved.

§ 3-182  Engineering  standards  of  allocation .--(a)  Sections  3.21  to  3-3^,  
inclusive,  govern  allocation  of  facilities  in  the  standard  broadcast  band  of  535  
to  1605  kc . Section  3-21  establishes  three  classes  of  channels  in  this  band,  
namely,  clear  channels  for  the  use  of  high-powered  stations,  regional  channels  
for  the  use  of  medium-powered  stations,  and  local  channels  for  the  use  of  low-  
powered  stations.  The classes  and  power  of  standard  broadcast  stations  which  
will  be assigned  to  the  various  channels  are  set  forth  in  § 3-22.  The classifi 
cation  of  the  standard  broadcast  stations  are  as  follows :

(e)  These  standards  will  necessarily  change  as  progress  is  made in  the  art,  
and  accordingly  it  will  be necessary  to  make revisions  from  time  to  time.  The 
Commission  will  accumulate  and  analyze  engineering  data  available  as  to  the  pro 
gress  of  the  art  so  that  its  standards  may be kept  current  with  the  developments.
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(3) Class  III  stations  operate  on regional  channels  and.  normally  render  
primary  service  to  the  larger  cities  and  the  rural  area  contiguous  thereto QPONMLKJIHGFEDCBA, and  
are  subdivided  into  two  classes:

(ii)  The Class  I  stations  in  group  I-B  are  those  assigned  to  the  
channels  allocated  by  § 3-25  (k>),  on which  duplicate  operation  is  
permitted,  that  is,  other  Class  I  or  Class  II  stations  operating  
unlimited  time  may be  assigned  to  such  channels.  During  nighttime  
hours  of  operation  a Class  I  station  of  this  group  is  protected  
to  the  500  uv/m  50 percent  sky  wave contour  and  during  daytime  
hours  of  operation  to  the  100  uv/m  ground  wave contour  from  stations  
on  the  same channel.  Protection  is  given  to  the  500  uv/m  groundwave  
contour  from  stations  on  adjacent  channels  for  both  day  and  night 
time  operation.  The operating  powers  of  Class  I  stations  on these  
frequencies  shall  be not  less  than  10 kw nor  more  than  50 kw.

(i)  Class  III-A  stations  which  operate  with  powers  not  less  than  
1 kw or  more  than  5 kw are  normally  protected  to  the  2500  uv/m  
groundwave  contour  nighttime  and  the  500  uv/m  groundwave  contour  
daytime .

(2)  Class  II  stations  are  secondary  stations  which  operate  on clear  
channels  with  powers  not  less  than  0.25  kw.  or  more  than  50 kw.  These  stations  
are  required  to  use  a directional  antenna  or  other  means to  avoid  causing  inter 
ference  within  the  normally  protected  service  areas  of Class  I  stations  or  other  
Class  II  stations.  These  stations  normally  render  primary  service  only,  the  
area  of  which  depends  on  the  geographical  location,  power,  and  frequency.  This  
may be relatively  large  but  is  limited  by  and  subject  to  such  interference  as  
may be received  from  Class  I  stations.  However,  it  is  recommended  that  Class  
II  stations  be so  located  that  the  interference  received  from  other  stations  will  
not  limit  the  service  area  to greater  than  the  2500  uv/m  ground  wave contour  
nighttime  and  500  uv/m  groundwave  contour  daytime,  which  are  the  values  for  the  
mutual  protection  of  this  class  of  stations  with'other  stations  of  the  same class.

of  the  area  in  which  adjacent  channel  groundwave  interference  (10  kc  removed)  to  
skywave  service  exists,  it  may be considered  as  the  area  where  the  ratio  of  the  
desired  50$  skywave  of  the  Class  I  station  to  the  undesired  groundwave  of  a station  
10 kc  removed  is  1 to  if-.)  From an  engineering  point  of  view,  Class  I  stations  
may be divided  into  two  groups  and,  hereafter,  for  the  purpose  of  convenience,  
the  two  groups  of  Class  I  stations  will  be termed  Class  I-A  or  I-B  in  accordance  
with  the  assignment  to  channels  allocated  by  § 3-25  (a)  or  (b).

(i)  The Class  I  stations  in  group  I-A  are  those  assigned  to  the  
channels  allocated  by  § 3-25  (a),  on  which  duplicate  nighttime  
operation  is  not  permitted,  that  is,  no other  station  is  permitted  
to  operate  on  a channel  with  a Class  I  station  of  this  group  with 
in  the  limits  of  the  United  States  (the  Class  II  stations  assigned  
the  channels  operate  limited  time  or  daytime  only) ,  and  during  
daytime  the  Class  I  station  is  protected  to  the  100  uv/m  ground  
wave contour.  Protection  is  given  this  class  of  station  to  the  
500  uv/m  ground  wave contour  from  adjacent  channel  stations  for  
both  day  and  nighttime  operations.  The power  of  each  such  Class  I  
station  shall  not  be less  than  50 kw.
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(c)  When it  is  shown  that  primary  service  is  rendered  by  any  station,  beyond  
the  normally  protected  contour,  and  when primary  service  to  approximately  90 per 
cent  of  the  population  (population  served  with  adequate  signal)  of  the  area  between

A 
B 
C 
D 
E 
E 
G

Inner  
radius

60
80 

100  
250  
350  
h-50

Outer  
radius

60
80

100
250
350  
U50 
500

Where the  power  of  the  interfering  station  is  not  25O watts,  the  10$  skywave  
signal  should  be adjusted  by  the  square  root  of  the  ratio  of  the  power  to  250  watts.

(b)  The class  of  any  station  is  determined  by  the  channel  assignment,  the  
power,  and  the  field  intensity  contour  to  which  it  renders  service  free  of  inter 
ference  from  other  stations  as  determined  by  these  standards.  No station  will  be 
permitted  to  change  to  a class  normally  protected  to  a contour  of  less  intensity  
than  the  contour  to  which  the  station  actually  renders  interference-free  service.  
Any Station  of  a class  normally  protected  to  a contour  of  less  intensity  than  that  
to  which  the  station  actually  renders  interference-free  service,  will  be automati 
cally  reclassified  according  to  the  class  normally  protected,  the  minimum  consistent  
with  its  power  and  channel  assignment.  Likewise,  any  station  to  which  the  inter 
ference  is  reduced  so  that  service  is  rendered  to  a contour  normally  protected  for  
a higher  class  will  be automatically  changed  to  that  class  if  consistent  with  its  
power  and  channel  assignment.

(iii)  Class  IV  stations  operate  on local  channels  normally  ren 
dering  primary  service  only  to  a city  or  town  and  the  surburban  
and  rural  areas  contiguous  thereto  with  powers  not  less  than  0.1  kw 
or  more  than  0.25  kw.  The stations  are  normally  protected  to  
500  uv/m  groundwave  contour  daytime.  On local  channels  the  
separation  required  for  the  daytime  protection  shall  also  determine  
the  nighttime  separation.  The actual  nighttime  limitation  will  be  
calculated.

16 percent  
skywave  sig-  
na.1  (mv/m)  

0.10
.12
.1U
.16
.iu
.12
.10

(ii)  Class  III-B  stations  which  operate  with  powers  not  less  than  
0.5  kw,  or  more  than  1 kw nighttime  and  5 kw daytime  are  normally  
protected  to  the  kOOO uv/m  groundwave  contour  nighttime  and  500  uv/m  
groundwave  contour  daytime .

NOTE: The following  approximate  method  may be used.  It  is  based  on the  
assumption  of  0.25  wavelength  antenna  height  and  88  mv/m at  one  mile  effective  
field  for  250  watts  power,  using  the  10$  skywave  field  intensity  curve  of  Figure  
2 of  § 3-190.  Zones  defined  by  circles  of  various  radii  specified  below  are  
drawn  about  the  desired  station  and  the  interfering  10$  skywave  signal  from  each  
station  in  a given  zone  is  considered  to  be the  value  tabulated  below.  The ef 
fective  interfering  10$  skywave  signal  is  taken  to  be the  RSS value  of  all  signals  
originating  within  these  zones.  (Stations  beyond  500  miles  are  not  considered.)
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the  normally  protected,  contour  and  the  contour  to  which  such  station  actually  
serves,  is  not  supplied  by  any  other  station  or  stations  carrying  the  same general  
program  service,  the  contour  to  which  protection  may be afforded  in  such  cases  
will  be determined  from  the  individual  merits  of  the  case  under  consideration.

(f)  The signals  necessary  to  render  primary  service  to  different  types  of  
service  areas  are  as  follows :

•^See  § 3.18U  for  curves  showing  distance  to  various  ground  wave field  intensity  
contours  for  different  frequency  and  ground  conductivities  and  § 3-183-

Area:
City  business  or  factory  areas ----------------
City  residential  areas -----------------------
Rural —all  areas  during  winter  or  northern  areas  

during  summer----------------------------
Rural —southern  areas  during  summer-----------

0.1  to  0.5 mv/m
0.25  to  1.0  mv/m

(d)  When a  station  is  already  limited  by  interference  from  other  stations  
to  a contour  of  higher  value  than  that  normally  protected  for  its  class,  this  
contour  shall  be the  established  standard  for  such  station  with  respect  to  inter 
ference  from  all  other  stations.

(e)  The several  classes  of  broadcast  stations  have  in  general  three  service  
areas;  namely,  primary,  secondary,  and  intermittent  service  areas.  (See  § 3-H  
for  the  definitions  of  primary,  secondary,  and  intermittent  service  areas.)  Class  I  
stations  render  service  to  all  three  service  areas.  Class  II  stations  render  ser 
vice  to  a primary  area  but  the  secondary  and  intermittent  service  areas  may be mate 
rially  limited  or destroyed  due  to  interference  from  other  stations  depending  on 
the  station  assignments  involved.  Class  III  and  IV  stations  usually  have  only  pri 
mary  service  areas  as  interference  from  other  stations  generally  prevents  any  
secondary  service  and  may limit  the  intermittent  service  area.  However,  complete  
intermittent  service  may be obtained  in  many cases  depending  on the  station  assign 
ments  involved.

All  these  values  are  based  on  an  absence  of  objectionable  fading,  either  in  
changing  intensity  or  selective  fading,  the  usual  noise  level  in the  areas,  and  
an absence  of  limiting  interference  from  other  broadcast  stations.  The vakies  
apply  both  day  and  night  but  generally  fading  or  interference  from  other  stations  
limits  the  primary  service  at  night  in  all  rural  areas  to  higher  values  of  field  
intensity  than  the  values  given.  The Commission  will  not  authorize  a directive  
antenna  for  a Class  IV  station  assigned  a local  channel.

Field  intensity  groundwave 1 
----  10 to  50 mv/m 
----  2 to  10 mv/m

NOTE: Standards  have  not  been  established  for  interference  from  atmospherics  
or man-made electric  noise  as  no  uniform  method  of  measuring  noise  or  static  has  
been  established.  In  any  individual  case  objectionable  interference  from  any  
source,  except  other  broadcast  signals,  may be determined  by  comparing  the  actual  
noise  interference  reproduced  during  reception  of  a desired  broadcast  signal  to  the  
degree  of  interference  that  would  be caused  by  another  broadcast  signal  within  
20 cycles  of  the  desired  signal  and  having  a carrier  ratio  of  20 to  1 with  both  
signals  modulated  100 percent  on  peaks  of  usual  programs.  Standards  of  noise  
measurements  and  interference  ratio  for  noise  are  now being  studied.
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(h)  All  classes  of  'broadcast,  stations  have  primary  service  areas  subject  to  
limitation  hy  fading  and  noise,  and  interference  from  other  stations  to  the  
contours  set  out  for  each  class  of  station.

Population:
Up to  2,500 ---  
2,500  to  10,000  
10,000  and  up—

(k)  Section  3-23  provides  that  the  several  classes  of  broadcast  stations  may 
be licensed  to  operate  unlimited  time,  limited  time,  daytime,  sharing  time,  and  
specified  hours,  with  full  explanation  given  in the  section.

(j)  The intermittent  service  is  rendered  by  the  groundwave  and  begins  at  
the  outer  boundary  of  the  primary  service  area  and  extends  to  the  value  of  signal  
where  it  may be considered  as  having  no further  service  value.  This  may be down 
to  only  a  few microvolts  in  certain  areas  and  up to  several  millivolts  in  other  
areas  of  high  noise  level,  interference  from  other  stations,  or  objectionable  
fading  at  night.  The intermittent  service  area  may vary  widely  from  day  to  night  
and  generally  varies  from  time  to time  as  the  name implies.  Only  Class  I  stations  
are  assigned  for protection  from  interference  from  other  stations  into  the  inter 
mittent  service  area.

NOTE: Standards  have  not  been  established  for  objectionable  fading  as  such  
standards  would  necessarily  depend  on the  receiver  characteristics  which  have  been  
changed  considerably  in this  regard  during  the  last  several  years.  Selective  
fading  causing  audio  distortion  and  the  signal  fading  below  the  noise  level  are  
the  objectionable  characteristics  of  fading  on modern  design  receivers.  The AVC 
circuits  in  the  better  designed  modern  receivers  in general  maintain  the  audio  
output  sufficiently  constant  to  be satisfactory  during  most  fading.

Field  intensity  groundwave  
------  0.5  mv/m 
------  2.0 mv/m
------  Values  given  in  
paragraph  (f)  of  this  section

These  values  a.re  subject  to wide  variations  in  individual  areas  and  especial  
attention  must  be given  to  interference  from  other  stations.  The values  are  not  
considered  satisfactory  in  any  case  for  service  to  the  city  in  which  the  main  
studio  of  the  station  is  located.  The values  in  paragraph  (f)  of  this  section  
shall  apply  except  as  individual  consideration  may determine.

(i)  Secondary  service  is  delivered  in  the  areas  where  the  sky  wave for  50 
percent  or  more  of  the  time  has  a field  intensity  of  500  uv/m  or  greater.  (The  
secondary  service  area  of  a Class  1-A  station  should  be considered  as  having  
this  limit  only  for  determination  of  service  in  comparison  with  other  stations.)  
It  is  not  considered  that  satisfactory  secondary  service  can  be rendered  to  
cities  unless  the  sky  wave approaches  in  value  the  ground  wave required  for  pri 
mary  service.  The secondary  service  is  necessarily  subject  to  some interference  
and  extensive  fading  whereas  the  primary  service  area  of  a station  is  subject  
to  no  objectionable  interference  or  fading.  Class  I  stations  only  are  assigned  
on the  basis  of  rendering  secondary  service.

(g)  In  determining  the  population  of  the  primary  service  area,  it  may be 
considered  that  the  following  signals  are  satisfactory  to  overcome  man-made noise  
in towns  of  the  population  given.
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(m) (Reserved. )

(n) (Reserved. )

(o)

(2)

(3)

In
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(M In  the  cases  where  it  is  proposed  to add  a new interfering  sig 
nal  which  is  not  less  than  50$  of  the  BSS value  of  interference  from  existing  
stations  or  which  is  greater  than  the  smallest  signal  already  included  to  obtain  
this  RSS value,  the  BSS limitation  after  addition  of  the  new signal  shall  be cal 
culated  without  excluding  any  signal  previously  included.  Similarly,  in  cases  
where  it  is  proposed  to  increase  the  value  of  one  of  the  existing  interfering  
signals  which  has  been  included  in  the  BSS value,  the  RSS limitation  after  the  
increase  shall  be calculated  without  excluding  the  interference  from  any  source  
previously  included.

(1)  Section  3-2^  sets  out  the  general  requirements  for  obtaining  an increase  
in  facilities  of  a  licensed  station  and  for  a new station.  Section  3.2U  (b)  con 
cerns  the  matter  of  interference  that  may be caused  by  a new assignment  or  increase  
in  facilities  of  an  existing  assignment.

Objectionable  interference  from  another  broadcast  station  is  the  degree  
of  interference  produced  when,  at  a specified  field  intensity  contour  with  respect  
to the  desired  station,  the  field  intensity  of  an undesired  station  (or  the  root-  
sum-square  value  of  field  intensities  of  two  or  more  stations  on the  same fre 
quency)  exceeds  for  ten  (10)  percent  or  more  of  the  time  the  values  set  forth  in  
these  standards.  (The  secondary  service  area  of  a Class  I-A  station  should  be  
considered  as  having  this  limit  only  for  determination  of  service  in  comparison  
with  other  stations .)

The RSS value  will  not  be considered  to be increased  when a new 
interfering  signal  is  added  which  is  less  than  50$  of  the  RSS value  of  the  inter 
ference  from  existing  stations,  and  which  at  the  same time  is  not  greater  than  
the  smallest  signal  included  in  the  RSS value  of  interference  from  existing  
stations .

It  is  recognized  that  application  of  the  above  "50$  exclusion"  
method  of  calculating  the  RSS interference  may result  in  some cases  in  anomalies  
wherein  the  addition  of  a new interfering  signal  or  the  increase  in  value  of  an 
existing  interfering  signal  will  cause  “ the  exclusion  of  a previously  included  
signal  and  may cause  a decrease  in  the  calculated  RSS value  of  interference,  
order  to  provide  the  Commission  with  more  realistic  information  regarding  gains  
and  losses  in  service  (as  a basis  for  determination  of  the  relative  merits  of  a 
proposed  operation)  the  following  alternate  method  for  calculating  the  proposed  
RSS values  of  interference  will  be employed  wherever  applicable.

(1)  With  respect  to  the  root-sum-square  values  of  interfering  field  
intensities  referred  to  herein,  except  in  the  case  of Class  IV  stations  on local  
channels,  calculation  is  accomplished  by  considering  the  signals  in  order  of  
decreasing  magnitude,  adding  the  squares  of  the  values  and  extracting  the  square  
root  of  the  sum,  excluding  those  signals  which  are  less  than  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA50$ of  the  BSS value  
of  the  higher  signals  already  included.
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(6)  Examples  of  BSS interference  calculations:

(i)  Existing  interferences:

(ii)  Station  A receives  interference  from:

(iii)  Station  A receives  interference  from:

71-21-56

mv/m

mv/m

therefore  inter-  
mv/m.

The BSS value  from  Nos.  1,  2 and  3 is  1.31  mv/m:  
ference  from  No.  U is  excluded  for  it  is  less  than  50$  of  1.31

Station  No.  1 --  1.0  mv/m
Station  No.  2 QPONMLKJIHGFEDCBA— 0.60  mv/m
Station  No.  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA3 — 0-59  mv/m

mv/m.  This  is  more
1,  the  BSS value  of Nos.  1,  2 and  3-  The BSS
1 and  the  proposed  station  would  he 1.21 mv/m

No.  1 proposes  to  increase  the  limitation  it  imposes  on Station  A 
to  1.21  mv/m.  Although  the  limitations  from  stations  Nos.  2 and  3 
are  less  than  50$  of  the  1.21  mv/m limitation,  under  the  above  
provision  they  are  nevertheless  included  for  comparative  studies,  
and  the  BSS limitation  is  calculated  to be 1.U7  mv/m.  However,  if  
the  increase  proposed  by  Station  No.  1 is  authorized,  the  BSS value  
then  calculated  is  1.21  mv/m because  Stations  Nos.  2 and  3 are  ex 
cluded  in view  of  the  fact  that  the  limitations  they  impose  are  
less  than  50$  of  1.21  mv/m.

Station  No.  1 — 1.0  mv/m
Station  No.  2 — 0.60
Station  No.  3 — 0-59  mv/m
Station  No.  4 — O.58  mv/m

Station  No.  1 — 1.0  mv/m
Station  No.  2 — 0.60  mv/m
Station  No.  3 — 0.59  mv/m

(5)  If  "the  new or  increased  signal  proposed  in  such  cases  is  ultimately  
authorized,  the  BSS values  of  interference  to  other  stations  affected  will  there 
after  be calculated  by  the  "50$  exclusion"  method  without  regard  to  this  alternate  
method  of  calculation.

It  is  proposed  to  add  a new limitation- -0.68  
than  50$  of  I.31  
value  of  Station  No.  
which  is  more  than  twice  as  large  as  the  limitation  from  Station  
No.  2 or  No.  3-  However,  under  the  above  provision  the  new signal  
and  the  three  existing  interferences  are  nevertheless  calculated  
for  purposes  of  comparative  studies,  resulting  in  an BSS  value  of  
l.h-7  mv/m.  However,  if  the  proposed  station  is  ultimately  auth 
orized,  only  No.  1 and  the  new signal  are  included  in  all  subse 
quent  calculations  for  the  reason  that  Nos.  2 and  3 are  lees  than  
50$  of  1.21  mv/m,  the  BSS value  of  the  new signal  and  No.  1.
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I  --------
II  and  III
IV -------

225  mv/m
175  mv/m
150  mv/m

(t)  In  computing  the  fifty  (50)  percent  skywave  field  intensity  values  and  
the  ten  (10)  percent  skywave  field  intensity  values  of  a station  on a clear  channel,  
use  shall  be made of  the  appropriate  graph  set  forth  in  Figure  1 of  § 3-19°  en
titled  "Average  Skywave  Field  Intensity"  (corresponding  to  the  second  hour  after

(s)  The existence.or  absence  of  objectionable  groundwave  interference  from  
stations  on the  same or  adjacent  channels  shall  be determined  by  actual  meas
urements  made according  to  the  method  hereinafter  described,  or,  in  the  absence  
of  such  measurements,  by  reference  to  the  propagation  curves  of  § 3-18^-  The 
existence  or  absence  of  objectionable  interference  due  to  skywave  propagation  
shall  be determined  by  reference  to  the  appropriate  propagation  curves  in  
Figure  1 or  Figure  2 of  § 3.190.

(p)  Objectionable  interference  from  a station  on the  same channel  shall  be  
considered  to  exist  to  a station  when,  at  the  field  intensity  contour  specified  in  
paragraph  (v)  of  this  section  with  respect  to  the  class  to  which  the  station  
belongs,  the  field  intensity  of  an  interfering  station  (or  the  root-sum-square  
value  of  the  field  intensities  of  two  or  more  interfering  stations)  operating  on 
the  same channel,  exceeds  for  ten  (10)  percent  or  more of  the  time  the  value  
of  the  permissible  interfering  signal  set  forth  opposite  such  class  in  paragraph  
(v)  of  this  section.

(r)  For  the  purpose  of  estimating  the  coverage  and  the  interfering  effects  of  
stations  in  the  absence  of  field  intensity  measurements,  use  shall  be made of  Fig 
ure  8 of  § 3-190  which  describes  the  estimated  effective  field  for  one  kilowatt  
power  input  of  simple  vertical  omnidirectional  antennas  of  various  heights  with  
ground  systems  of  at  least  120  one-quarter  wavelength  radials.  Certain  approxima 
tions,  based  on  the  curve  or  other  appropriate  theory,  may be made when other  than  
such  antennas  and  ground  systems  are  employed,  but  in any  event  the  effective  
field  to  be  employed  shall  not  be less  than  given  in the  following:

In  case  a directional  antenna  is  employed,  the  interfering  signal  of  a broad 
casting  station  will  vary  in different  directions,  being  greater  than  the  above  
values  in  certain  directions  and  less  in  others  depending  upon  the  design  and  
adjustment  of  the  directional  antenna  system.  To determine  the  interference  in  
any  direction  the  measured  or  calculated  radiated  field  (unabsorbed  field  in 
tensity  at  1 mile  from  the  array)  must  be used  in  conjunction  with  the  appropriate  
propagation  curves.  (See  § 3-185  for  further  discussion  and  solution  of  a typical  
directional  antenna  case.)

(q)  Objectionable  interference  from  a station  on an  adjacent  channel  shall  
be considered  to  exist  to  a station  when,  at  the  normally  protected  contour  of  a 
desired  station,  the  field  intensity  of  the  ground  wave of  an undesired  station  
operating  on an adjacent  channel  (or  the  root-sum-square  value  of  the  field  
intensities  of  two  or  more  such  undesired  stations  operating  on the  same adjacent  
channel)  exceeds  a value  specified  in  paragraph  (w)  of  this  section.
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(v)  Protected  service  contours  and permissible  interference  signals  for  
broadcast  stations  are  as  follows:

(u)  The distance  to  any  specified  groundwave  field  intensity  contour  for  
any frequency  may be determined  from  the  appropriate  curves  in  § 3.18k entitled  
"Ground  Wave Field  Intensity  vs. Distance."

Gloss of 
channel 

used

I-A............

I-B............

IVQPONMLKJIHGFEDCBA.............

5 uv/m.. Not dupli
cated.

5 uv/m.. 25 uv/m.

25uv/m.. 125 uv/m.
25uv/m.. 125 uv/m.
25 uv/m. 200 uv/m.

25uv/m. Not pre
scribed.8

rond tho normally 
'■’n served with 

ition actually 
—-.Jed in such cases 

tation is already limited 
for its class, this contour

Class ot 
station

Clear_ ....

Clear........

Clear........
Regional..
Regional..

Local-....

80 100 uv/m..
AC 500 uv/m..
SC 100 uv/m..
AC 500 uv/m.. 
500 uv/m.......
500 uv/m.........
500 uv/m......

500 uv/m........

Permissible Interfering 
oignal on same chan
nel*

50 kw............

10 kw. to50kw....

0.25 kw. to 50 kw..
1 kw. to 5 kw........
0.5 to 1 kw. night 

and 5 kw. day.
0.1 kw. to 0.25 kw.

sunset  at  the  recording  station) . These  graphs  are  drawn for  a radiated  field  of  
100 mv/m at  1 mile  in  the  horizontal  plane  from  a 0.3H wavelength antenna.  . In  
computing  the  ten  (10) percent  skywave  field  intensity  of  a regional  channel  sta 
tion,  use  shall be  made of  the  appropriate  curve  in  Figure  2 of  § 3.190 entitled  
"10 percent Skywave  Signal Bange."  This  graph  is  drawn  for a radiated field  of  
100 mv/m at  1 mile  at  the  vertical  angle  pertinent  to  transmission by  one re 
flection.  This  curve  supersedes  the ten  (10)  percent  skywave  curve  of  Figure  1 
of § 3.190, only  for regional  and  local  channels  at the  present  time.  Adoption  
of  revised  skywave  curves  for  use  on clear  channels  will  await  the  outcome  of  
the  Clear Channel  Hearing (Docket No,  67^1)■

Signal Intensity contour of area protected 
from objectionable Interference1

Not duplicated.....................

600 uy/m......... ....
(60% skywave).

2500uv/m» (groundwavo).— 
2500 uv/m (groundwavo)......
4000 uv/m (groundwave)....

Not proscribed 

1 When It is shown that primary service Is rendered by any of tho above classes of stations, beyc  
protected contour, and when primary service to approximately 00 percent of tbo population (population : 
adequate signal) of tho area between tho normally protected contour and the contour to which such stall 
serves, is uot supplied by any other station or stations, the contour to which protection may be afforded h 
will be determined from tho Individual merits of tho case under consideration. When a sti ‘ 
by interference from oilier stations to a contour of higher value than that normally protected f— ,. 
shr.il be the established standard for such station with respect to intcrfcrouco from all other stations.

» For adjacent channels sec paragraph (w) of this section.
* Ground wave.

' ‘ Skywavo field intensity for 10 percent or more of tho time.
1 These values are with respect to interference from all stations except Class I-B, which stations may cause Inter

ference co a field intensity contour of higher value. However, it is recommended that Class II stations bo so located 
that tiio Interference received from Class l-B stations will not exceed these values. If tho Class U  stations oro limited 
by Class I-B stations to higher values, then such values shall bo tho established standard with respect to protection 
from all other stations.

• Sec paragraph (a) (4) of this section,
BC “Same channel.
AC “Adjacent channel.
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(10)

Frequency  
separation  of  
desired,  to  un

desired.  signals-- Undesired  
ground -  
wave

20:1  
1:1  
1:30

Undesired
10  percent  

skywave

20:1
1:5

Desired  50 
percent  
skywave  
to  unde 
sired  10 
percent  
skywave

0 kc
10 kc
20 kc

Desired  groundwave
to--

NOTE: Two stations  are  considered  to  be operated  synchronously  when the  
carriers  are  maintained  within  one-fifth  of  a cycle  per  second  of  each  other  and  
they  transmit  identical  programs.  

1-21-56

(y)  Two stations  operating  with  synchronized  carriers  and  carrying  the  
identical  program  will  have  their groundwave  service  subject  to  some distortion  in  
areas  where  the  signals  from  the  two  stations  are  of  comparable  intensity.  For  
the  purpose  of  estimating  coverage  of  such  stations  areas  in  which  the  signal  
ratio  is  between  1  to  2 and  2 to  1 will  not  be considered  as  having  satisfactory  
service .

(w)  The following  ratios  are  to be used  for  determining  the  minimum  ratio  
of  the  field  intensity  of  a desired  to  an undesired  signal  for  interference  free  
service.  In  the  case  of  a desired  groundwave  signal  interfered  with  by  two  or  
more  skywave  signals  on the  same frequency,  the  BSS value  of the  latter  is  used.

The secondary  service  area  of  a  Class  I  station  is  not  protected  from  adja 
cent  channel  interference.  However,  if  it  is  desired  to  make a determination  
of  the  area  in  which  adjacent  channel  groundwave  interference  (10  kc .  removed)  
to  skywave  service  exists,  it  may be considered  as  the  area  where  the  ratio  
of  the  desired  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA50 percent  skywave  of  the  Class  I  station  to  the  undesired  
groundwave  of  a station  10 kc.  removed  is  1 to  U.

From the  above,  it  is  apparent  that  in  many cases  stations  operating  on channels  
10 and  20  kilocycles  apart  may be operated  with  antenna  systems  side by  Bide  or  
otherwise  in  proximity  without  any  indications  of  interference  if  the  interference  
is  defined  only  in  terms  of  permissible  ratios  listed  in  this  paragraph.  As a 
practical  matter,  serious  interference  problems  may arise  when two  or  more  staticns  
with  the  same general  service  area  are  operated  on channels  10,  20 and  30  kilo 
cycles  apart.

20:1
(1)

(x)  Two stations,  one  with  a frequency  twice  that  of  the  other,  should not  
be assigned  in the  same groundwave  service  area  unless  special  precautions  are  
taken  to  avoid  interference  from  the  second  harmonic  of  the  lower  frequency.  In  
selecting  a frequency,  consideration  should  be given  to  the  fact  that  occasion 
ally  the  frequency  assignment  of  two  stations  in  the  same area  may bear  such  a 
relation  to  the  intermediate  frequency  of  some broadcast  receivers  as  to  cause  
so-called  "image"  interference.  However,  since  this  can  usually  be rectified  by  
readjustment  of  the  intermediate  frequency  of  such  receivers,  the  Commission  in  
general  will  not  take  this  kind  of  interference  into  consideration  in  allocation  
problems .
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(d)  Example  of  determining  interference  by  the  graphs  in  §3-18U:
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§3.183  Groundwave  signals  -  (a)  Interference  that  may be caused  by  a pro
posed  assignment  or  an existing  assignment  during  day  time  should  be deter 
mined,  when possible,  by  measurements  on the  frequency  involved  or  on another  
frequency  over  the  same terrain  a.nd  by  means of  the  curves  in  §3  -  18U-  entitled  
"Groud  Wave Eield  Intensity  versus  Distance."

(c)  In  all  cases  where  measurements  taken  in  accordance  with  the  require 
ments  are  not  available,  the  groundwave  intensity  must  be determined  by  means of  
the  pertinent  map of  ground  conductivity  and  the  groundwave  curves  of  field  
intensity  versus  distance . The conductivity  of  QPONMLKJIHGFEDCBAa given  terrain  may be deter 
mined  by  measurements  of  any  broadcast  signal  traversing  the  terrain  involved.  
Figures  M3 and  S3 of  §3-190  show the  conductivity  throughout  the  United  States  
by  general  areas  of  reasonably  uniform  conductivity.  When it  is  clear  that  only  
one  conductivity  value  is  involved,  Figure  B3 of  §3-190,  which  is  a replica  of  
Figure  M3 and  contained  in  thise  standards,  may be used;  in  all  other  situations  
Figure  M3 must  be employed.  It  is  recognized  that  in  areas  of  limited  size  or  
over  a particular  path,  the  conductivity  may vary  widely  from  the  values  given;  
therefore,  these  maps are  to  be used  only  when accurate  and  acceptable  measure 
ments  have  not  been  made.(For  determinations  of  interference  and  service  requiring  
a knowledge  of  ground  conductivities  in  Canada and  Mexico,  Appendix  H to  the  
North  American  Begional  Broadcasting  Agreement,  Washington,  D.  C.,  1950,  may be 
used.  Where different  conductivities  appear  in  the  maps of the  several  countries  
on different  sides  of  the  border  not  explained  by  geophysical  cleavages ,  such  
cleavages  are  to  be considered  as  real.  A uniform  ground  conductivity  of  10 
millimhos  per  meter  may be assumed  for  Cuba. ) (22FB17^7)Eff .  3-20-57-

NOTE: Figure  M3 which  is  incorporated  in these  standards  by  reference,  was 
derived  by  indicating  ground  conductivity  values  in  the  United  States  on the  
United  States  Albers  equal  area  projection  map (based  on standard  parallels  
29F  and  ^-5b 0 > North  American  datum;  scale  l/2,500(,000) . Figure  M3,  consisting  
of  two  sections,  an eastern  and  a western  half,  may be obtained  from  the  
Superintendent  of  Documents,  Washington,  D.  C..

(b)  In  determining  interference  based  upon  field  intensity  measurements,  
it  is  necessary  to  do the  following:  First,  establish  the  outer  boundary  of  the  
protected  service  area  of  the  desired  station  in  the  direction  of  the  station  that  
may cause  interference  to  it.  Second,  at  this  boundary,  measure  the  interfering  
signal  from  the  undesired  station.  The ratio  of the  desired  to  the  undesired  
signal  given  in  §3.182(w)  should  be applied  to  the  measured  signals  and  if  the  
required  ratio  is  observed,  no objectionable  interference  is  foreseen,  
measurements  of both  the  desired  and  undesired  stations  are  made in  one  area  
to  determine  the  point  where  objectionable  interference  from  groundwave  signals  
occur  or  to  establish  other  pertinent  contours,  several  measurements  of  each  
station  shall  be made within  a few  miles  of  this  point  or  contour.  The Effective  
field  of the  antennas  in the  pertinent  directions  of  the  stations  must  be estab 
lished  and  all measurements  must  be made in  accordance  with  §3-186.
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(f)  An example  of  the  use  of  the  equivalent  distance  method  follows:

/>

(12)
1-21-56

The protection  to  Class  III  
The distance  to  the  500  uv/m

(e)  Where a signal  traverses  a path  over  which  different  conductivities  ex 
ist,  the  distance  to  a particular  groundwave  field  intensity  contour  shall  he 
determined  by  the  use  of  the  equivalent  distance  method.  Seasonably  accurate  
results  may be expected  in  determining  field  intensities  at  a distance  from  the  
antenna  by  application  of  the  equivalent  distance  method  when the  unattenuated  
field  of  the  antenna,  the  various  ground  conductivities  and  the  location  of  
discontinuities  are  known.  This  method  considers  a wave to  be propagated  across  
a given  conductivity  according  to  the  curve  for  a homogeneous  earth  of  that  
conductivity.  When the  wave crosses  from  a  region  of  one  conductivity  into  a 
region  of  a second  conductivity,  the  equivalent  distance  of  the  receiving  point  
from  the  transmitter  changes  abruptly  but  the  field  intensity  does  not.  From a 
point  just  inside  the  second  region  the  transmitter  appears  to be at  that  dis 
tance  where,  on the  curve  for  a homogeneous  earth  of  the  second  conductivity,  
the  field  intensity  equals  the  value  that  occurred  just  across  the  boundary  in  
the  first  region.  Thus  the  equivalent  distance  from  the  receiving  point  to  the  
transmitter  may be either  greater  or  less  than  the  actual  distance.  An imaginary  
transmitter  is  considered  to  exist  at  that  equivalent  distance.  This  technique  
is  not  intended  to  be used  as  a means of  evaluating  unattenuated  field  or  ground  
conductivity  by  the  analysis  of  measured  data.  The method  to  be employed  for  
such  determinations  is  set  out  in  § 3.186.

determine  the  distance  to  the  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA285 uv/m  contour  ( 100  x 500  = 285). 

175  
appropriate  curve,  the  estimated  radius  of  the  service  area  for  the  desired  sta 
tion  is  found  to  be 39-5 miles.  Subtracting  this  distance  from  the  distance  
between  the  two  stations  leaves  90-5  miles  for  the  interfering  signal  to  travel.  
From the  above  curve  it  is  found  that  the  signal  from  the  5 kw station  at  this  dis 
tance  would  be 158  uv/m.  Since  a one  to  one  ratio  applies  for  stations  separated  
by  10  kc,  the  undesired  signal  at  that  point  can  have  a value  up to  500  uv/m  without  
objectionable  interference.  If  the  undesired  signal  had  been  found  to  be greater  
than  500  uv/m,  then  objectionable  interference  would  exist.  For  other  channel  
separations,  the  appropriate  ratio  of  desired  to  undesired  signal  should  be used.

the  intervening  terrain  is  determined  as  6 mmhos/m.
stations  during  daytime  is  to  the  500  uv/m  contour.
groundwave  contour  of  the  1 kw station  is  deteimined  by  the  use  of  the  appropriate  
curve  in  § 3-18^,  Graph  12.  Since  the  curve  is  plotted  for  100  mv/m at  a mile,  to  
find  the  distance  to  the  500  uv/m  contour  of  the  1 kw station,  it  is  necessary  to

. From the

It  is  desired  to  determine  the  distance  to  the  0.5 mv/m and  0.025  mv/m 
contours  of  a station  on  a frequency  of  1000  kc  with  an inverse  distance  field  of  
100 mv/m at  one  mile  being  radiated  over  a path  having  a conductivity  of  10 mmhos/m 
for  a distance  of  15 miles,  5 mmhos/m for  the  next  20 miles  and  15 mmhos/m thereafter.  
By the  use  of  the  appropriate  curves  in  § 3.18U  -  Graph  12,  it  is  seen  that  at  a dis 
tance  of  15 miles  on the  curve  for  10 mmhos/m the  field  is  3-^5  mv/m.  The equivalent  
distance  to  this  field  intensity  for  a conductivity  of  5 mmhos/m is  11 miles.

- Continuing  on  the  propagation  curve  for  the  second  conductivity,  the  0-5 mv/m 
contour  is  encountered  at  a distance  of  2?.9  miles  from  the  imaginary  transmitter.  
Since  the  imaginary  transmitter  was U miles  nearer  (15  -  11 miles)  to  the  0-5  mv/m 
contour,  the  distance  from  the  contour  to  the  actual  transmitter  is  31.9 miles  
(27.9  + miles).  The distance  to  the  0.025  mv/m contour  is  determined  by
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pp.  1203-1236.
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(c)  At  sufficiently  short  distances  (say  less  than  35 miles),  such  that  the  
curvature  of  the  earth  does  not  introduce  an additional  attentuation  of  the  waves QPONMLKJIHGFEDCBA,zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA 
the  graphs  were  computed  by  means of  the  plane  earth  formulas  given  in  the  paper,  
"The  Propagation  of Badio  Waves Over  the  Surface  of  the Earth  and  in the  Upper  
Atmosphere,"  Part  I,  by  Mr.  K.  A.  Norton,  Proc.  I.B.E.,  Vol.  2U,  October  1936,  
pp.  1367-138?- At  larger  distances  the  additional  attenuation  of  the  waves  which  
is  introduced  by  the  effect  of  the  curvature  of  the  earth  was introduced  by  the

continuing  on  the  propagation  curve  for  the  second  conductivity  to  a distance  of  
31  miles  (11  + 20  miles),  at  which  point  the  field  is  read  to be O.39  mv/m.  At  
this  point  the  conductivity  changes  to  15 mmhos/m and  from  the  curve  relating  
to  that  conductivity,  the  equivalent  distance  is  determined  to  be 58  miles  — 27 
miles  more  distant  than  would  obtain  had  a conductivity  of  5 mmhos/m prevailed.  
Using  the  curve  representing  the  conductivity  of  15 mmhos/m the  0.025  mv/m con 
tour  is  determined  to  be  at  an  equivalent  distance  of  172  miles.  Since  the  
imaginary  transmitter  was considered  to be U miles  closer  at  the  first  boundary  
and  27  miles  farther  at  the  second  boundary,  the  net  effect  is  to  consider  the  
imaginary  transmitter  23 miles  (27  - miles)  more  distant  than  the  actual  trans 
mitter  ; thus  the  actual  distance  to  the  0.025  mv/m contour  is  determined  to  be 
1U9 miles  (172  -  23 miles).

§ 3-18^  Groundwave  field  intensity  charts . —(a)  Graphs  1-19A  show the  computed  
values  of  groundwave  field  intensity  as  a function  of  the  distance  from  the  trans 
mitting  antenna.  The groundwave  field  intensity  is  here  considered  to  be  that  
part  of  the  vertical  component  of  the  electric  field  received  on the  ground  which  
has  not  been  reflected  from  the  ionosphere  nor  the  troposphere.  These  20 charts  ' 
were  computed  for  20 different  frequencies,  a dielectric  constant  of  the  ground  
equal  to  15 for  land  and  80 for  sea water  (referred  to  air  as  unity)  and  for  the  
ground  conductivities  (expressed  in  mmhos/m) given  on the  curves.  The curves  
show the  variation  of  the  groundwave  field  intensity  with  distance  to  be expected  
for  transmission  from  a short  vertical  antenna  at  the  surface  of  a uniformly  
conducting  spherical  earth  with  the  ground  constants  shown  on the  curves;  the  
curves  are  for  an  antenna  power  and  efficiency  such  that  the  inverse  distance  
field  is  100  mv/m at  1 mile.  The curves  are  valid  at  distances  large  compared  
to  the  dimensions  of  the  antenna  for  other  than  short  vertical  antennas.

(b)  The inverse  distance  field  (100  mv/m divided  by  the  distance  in  miles)  
corresponds  to  the  groundwave  field  intensity  to  be expected  from  an antenna  
with  the  same radiation  efficiency  when it  is  located  over  a perfectly  conducting  
earth.  To determine  the  value  of  the  groundwave  field  intensity  corresponding  
to  a value  of  inverse  distance  field  other  than  100  mv/m at  1 miles,  simply  multi 
ply  the  field  intensity  as  given  on these  charts  by  the  desired  value  of  inverse  
distance  field  at  1 mile  divided  by  100;  for  example,  to  determine  the  ground 
wave field  intensity  for  a station  with  an inverse  distance  field  of  1700 mv/m 
at  1 mile,  simply  multiply  the  values  given  on the  charts  by  17-  The value  of  
the  inverse  distance  field  to  be used  for  a particular  antenna  depends  upon  the  
power  input  to  the  antenna,  the  nature  of  the  ground  in  the  neighborhood  of  the  
antenna,  and  the  geometry  of  the  antenna.  Eor  methods  of  calculating  the  
interrelations  between  these  variables  and  the  inverse  distance  field,  see  "The  
Propagation  of  Badio  Waves Over  the  Surface  of  the  Earth  and  in  the  Upper  Atmo
sphere,"  Part  II,  by  Mr.  K.  A.  Norton,  Proc.  I.B.E.,  Vol.  25,  September  1937,
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k
Air  mass type

WinterSummer

Average 1-33

(14)1-21-56

It  is  clear  from  this  table  that  the  use  of  the  average  value  of  k  :  4/3  is  
justified,  in  obtaining  a single  correction  for  the  systematic  effects  of  atmo 
spheric  refraction.

1-53
1-31
1-25

1.43
1.25
1.25

Tropical  Gulf--T c 
Polar  Continental
Superior--S ----

(d)  Provided  the  value  of  the  dielectric  constant  is  near  15;  the  curves  of  
Graphs  1-19A  may be compared  with  experimental  data  to  determine  the  appropriate  
values  of  the  ground  conductivity  and  of  the  inverse  distance  field  intensity  at  
1 mile.  This  is  accomplished  simply  by  plotting  the  measured  fields  on transpar 
ent  log-log  graph  paper  similar  to  that  used  for  Graphs  1-19A  and  superimposing  
this  chart  over  the  graph  corresponding  to  the  frequency  involved.  The log-log  
graph  sheet  is  then  shifted  vertically  until  the  best  fit  is  obtained  with  one  
of  the  curves  on  the  graph;  the  intersection  of  the  inverse  distance  line  on the  
graph  with  the  1-mile  abscissa  on  the  chart  determines  the  inverse  distance  field  
intensity  at  1 mile.  Por  other  values  of  dielectric  constant;  the  following  pro 
cedure  may be used  for  a determination  of  the  dielectric  constant  of  the  ground,  
conductivity  of  the  ground  and  the  inverse  distance  field  intensity  at  1 mile.  
Graph  20 gives  the  relative  values  of  groundwave  field  intensity  over  a plane

■Pc

methods  outlined  in the  papers,  "The  Diffraction  of  Electromagnetic  Waves from  
an  Electrical  Point  Source  round  a Finitely  Conducting  Sphere,  with  Applications  
to  Badiotelegraphy  and  the  Theory  of  the  Bainbow,"  by  Balth  van  der  Pol  and  H.  
Bremmer,  Part  I,  Phil.  Mag.,  Vol.  24,  p.  141,  July  1937;  Part  II,  Phil.  Mag.,  
Vol.  24,  p.  825,  Suppl.,  November  1937,  "Ergebrisse  einer  Theorie  uber  die  
Fortpflanzung  elektromagnetischer  Wellen  uber  eine  Kugel  endlicher  Leitfahigkeit,"  
by  Beith  van  der  Pol  and  H.  Bremmer,  Hochfrequenztechnik  und  Elektroakustik,  Band 
51,  Heft  6,  June  1938,  "Further  Note  on the  Propagation  of  Badio  Waves over  a 
Finitely  Conducting  Spherical  Earth,"  by  Balth  van  der  Pol  and  H.  Bremmer,  Phil.  
Mag.,  Vol.  27,  p.  261,  March  1939-  In  order  to  allow  for  the  refraction  of  the  
radio  waves  in  the  lower  atmosphere  due  to  the  variation  of  the  dielectric  con 
stant  of  the  air  with  height  above  the  earth,  a radius  of  the  earth  equal  to  4/3  
the  actual  radius  was used  in  the  computations  for  the  effect  of  the  earth's  
curvature  in  the  manner  suggested  by  C. B.  Burrows,  "Badio  Propagation  over  
Spherical  Earth,"  Proc.  I.B.E.,  May 1935?  i.e.,  the  distance  corresponding  to  a 
given  value  of  attenuation  due  to  the  curvature  of  the  earth  in the  absence  of  
air  refraction  was multiplied  by  the  factor  (4/3)  /3  = 1.21.  The amount  of  this  
refraction  varies  from  day  to  day  and  from  season  to  season,  depending  on  the  air  
mass conditions  in  the  lower  atmosphere.  If  k denotes  the  ratio  between  the  
equivalent  radius  of  the  earth  and  the  true  radius,  the  following  table  gives  
the  values  of  k for  several  typical  air  masses  encountered  in the  United  States.
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(1)

(2) 

elco-

(2?/X)1-dumber of wavelengths in 1 mile.

( m o io->4

> m . ■.-Conductivity of the ground expressed in 
tromngnetic units.

frequency expressed in megacycles.

SSotic'eonstont o< the ground referred to air 

as unity.tsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA

earth  as  a function  of  the  numerical  distance  p and  phase  angle  b.  On graph  
paper  with  coordinates  similar  to  those  of  Graph  20,  plot  the  measured  values  of  
field  intensity  as  ordinates  versus  the  corresponding  distances  from  the  antenna  
expressed  in  miles  as  abscissae.  The data  should  be  plotted  only  for  distances  
greater  than  one  wavelength  (or,  when this  is  greater,  five  times  the  vertical  
height  of  the  antenna  in  the  case  of  a single  element,  i.e.,  nondirectional  
antenna  or  10 times  the  spacing  between  the  elements  of  a directional  antenna)  
and  for  distances  less  than  JO/fVo  miles  (i.e.,  50 miles  at  1 me).  Then,  using  
a light  box,  place  the  sheet  witfi cthe  data  plotted  on it  over  the  sheet  with  the  
curves  of  Graph  20 and  shift  the  data  sheet  vertically  and  horizontally  (making  
sure  that  the  vertical  lines  on  both  sheets  are  parallel)  until the best  fit  with  
the  data  is  obtained  with  one  of  the  curves  on  Graph  20.  When the  two  sheets  
are  properly  lined  up,  the  value  of  the  field  intensity  corresponding  to  the  
intersection  of  the  inverse  distance  line  of  Graph  20  with  the  1 mile  abscissa  
on  the  data,  sheet  is  the  inverse  distance  field  intensity  at  1 mile,  and  the  
values  of  the  numerical  distance  at  1 mile,  and  of  b are  also  determined.  
Knowing  the  values  of  b and (the  numerical  distance  at  1 mile),.we  may sub 
stitute  in the  following  approximate  formulas  to  determine  the  appropriate  values  
of  the  ground  conductivity  and  dielectric  constant.
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NOTE: The graphs  as  reproduced  herein,  due  to  the  small  scale  are  not  to  he 
used  in  connection  with  material  submitted  to  the  F.C.C.

First  solve  for  x by  substituting  the  known  values  of ( r /V)  QPONMLKJIHGFEDCBA, and  cos  b in  
equation  (1).  Equation  (2)  may then  be solved  for  and  equation  (3) for  At  
distances  greater  than  50/fVj  miles  the  curves  of  Graph  20 do  not  give  the  correct  
relative  values  of  field  inrSnsity  since  the  curvature  of  the  earth  weakens  the  
field  more  rapidly  than  these  plane  earth curves  would  indicate.  Thus,  no attempt  
should  be  made to  fit  experimental  data  to  these  curves  at  the  larger  distances.

(e)  At  sufficiently  short  distances  (say less  than  35 miles  at  broadcast  
frequencies),  such  that  the  curvature  of  the  earth  does  not  introduce  an  additional  
attenuation  of  the  waves,  the  curves  of  Graph  20 may be used  for  determining  the  
ground  wave field  intensity  for  transmitting  and  receiving  antennas  at  the  surface  
of  the  earth  for  any  radiated  power,  frequency,  or  set  of  ground  constants  in  the  
following  manner:  First,  lay  off  the  straight  inverse  distance  line  corresponding  
to  the  power  radiated  on transparent  log-log  graph  paper  similar  to  that  of  Graph  
20,  labelling  the  ordinates  of  the  chart  in terms  of  field  intensity,  and  the  
abscissae  in  terms  of  distance.  Next,  by  means of  the  formulas  given  on Graph  20,  
calculate  the  value  of  the  numerical  distance,  £,  at  1 mile,  and  the  value  of  b .  
Then  superimpose  the  log-log  chart  over  Graph  20,  shifting  it  vertically  until  the  
inverse  distance  lines  on  both  charts  coincide  and  shifting  it  horizontally  until  
the  numerical  distance  at  1 mile  on  Graph  20 coincides  with  1 mile  on  the  log-log  
graph  paper.  The curve  of  Graph  20 corresponding  to  the  calculated  value  of  b 
is  then  traced  on  the  log-log  graph  paper  giving  the  field  intensity  versus  dis 
tance  in  miles .
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3-185  (a) 3-185  (e)

§

(d)  Example  of  the  use  of  skywave  curves:

(17)1-21-56

mv/m ground  wave contour  of  the  existing

or  225  uv/m

(b)  For  signals  from  stations  operating  on clear  channels,  in  case  of  deter 
mining  skywave  interference  from  an  antenna  with  a vertical  pattern  different  
from  that  on  which  Figure  1 of  § 3.190  is  predicated  (the  basis  of  the  night  
mileage  separation  tables),  it  is  necessary  to  compare  the  appropriate  vectors  
in  the  vertical  plane.

(e)  For  signals  from  stations  on regional  and  local  channels,  in  computing  
the  10$  skywave  (interference)  field  intensity  values  of  Class  III  and  Class  IV  
stations,  Fig.  2 of  § 3-190  is  to  be used  in  place  of  Figure  1 of  § 3-190.  (Cer 
tain  simplifying  assumptions  may be made in the  case  of Class  IV  stations  on 
local  channels:  See note  to  § 3-182  (a)  (k))  Since  Figure  2 of  § 3-190  is  pre 
dicated  upon  a radiated  field  of  100  mv/m at  one  mile  in  the  pertinent  direction,  
no comparison  with  the  vertical  pattern  of  a zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAO.3H wavelength  antenna  is  to  be made.  
Instead  the  appropriate  radiated  field  in  the  vertical  plane  corresponding  to  the

ihO  x  1.30  x  l^t
100

and  would  cause  interference  to  the  h-5  
station.

(c)  The skywave  curves  entitled  "Average  Skywave  Field  Intensity"  (corre 
sponding  to  the  second  hour  after  sunset  at  the  recording  station)  as  shown  in  
Figure  1 of  § 3-190  are  based  on  antenna  systems  having  height  of  O.31I  wave 
length  (112°)  and  producing  a vertical  pattern  as  shown  in  Figure  5 of  § 3.190.  
A nondirectional  antenna  system,  as  well  as  a directional  antenna  system  having  
vertical  patterns  other  than  essentially  the  same as  shown,  must  be converted  to  
the  pattern  of  a O.3U wave length  antenna  having  the  same field  intensity  at  
the  critical  angle  as  does  the  pattern  of  the  antenna  involved.

3.185  Computation  of  interfering  signal  from  a  directional  antenna . —( a) In  
case  of  an  antenna  directional  in the  horizontal  plane,  the  groundwave  interfer 
ence  can  be readily  computed  from  the  calculated  horizontal  pattern  by  determining  
the  vectors  toward  the  service  area  of the  station  to  be protected  and  apply  these  
values  to  the  groundwave  curves  set  out  in  § 3-183-

Figure  6 of  § 3-190  is  a graph  entitled  "Variation  With  Distance  of  Two Impor 
tant  Parameters  in  the  Theory  of  Sky  Wave Propagation."  The curve  for  0 showing  
the  angle  above  the  horizon  at which  radiation  occurs  plotted  against  distance,  
must  be used  for  this  purpose.  For  instance,  assuming  the  station  with  which  
interference  may be expected  is  located  at  a distance  of  U50 miles  from  a pro
posed  station,  the  critical  angle  of  radiation  as  determined  from  this  curve  is  
approximately  15°■  Therefore,  if  the  vertical  pattern  of  the  proposed  station  
in  the  direction  of  the  other  station  is  such  that  at  15°  above  the  horizon  the  
radiation  is  1.3 times  that  from  an  antenna  having  a vertical  pattern  as  shown  
in  Figure  5 of  § 3-190  and  producing  the  same field  intensity  at  1 mile  in  the  
horizontal  plane,  the  interfering  signal  would  be 1.3  times  that  determined  from  
Figure  1 of  § 3-190  for  an  antenna  having  the  same field  intensity  in  the  horizontal  
plane.  That  is,  if  the  field  intensity  in  the  horizontal  plane  of  the  proposed  sta 
tion  is  12h  mv/m the  interfering  field  intensity  exceeded  10 percent  of  the  time  
at  the  other  station  would  be



3.185  (e)  -  3-185  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAd)

to  a Class  III  station  at  Portland.,  Oregon

(18)1-21-56

distance  to  the  receiving  station,  divided  by  100,  is  multiplied  into  the  value  
of  10$  skywave  field  intensity  determined  from  Figure  2 of  § 3.190.  There  are  
two  new factors  to  be  considered,  however,  namely  the  variation  of  received  
field  with  latitude  of  the  path  and  the  variation  of  pertinent  vertical  angle  due  
to variations  of  ionosphere  height  and  ionosphere  scattering.

(f)  Figure  2 of  § 3.190,  "10$  Skywave  Signal  Range Chart,"  shows  the  10$  
skywave  signal  as  a function  of  the  latitude  of  the  transmission  path  and  the  
distance  from  a transmitting  antenna  with  a radiated  field  of  100  mv/m at  the  
pertinent  angle  for  the  distance.  The latitude  of  the  transmission  path  is  de
fined  as  the  geographic  latitude  of  the  midpoint  between  the  transmitter  and  
the  receiver.  Latitude  35°  should  be used  in  case  the  midpoint  of  the  path  lies  
below  35°  North  and  latitude  50°  should  be used  in  case  the  midpoint  of  the  path  
lies  above  50° North.

and  3.5°

(i)  Example,  suppose  it  is  desired  to  determine  the  amount  of  interference  
to  a Class  III  station  at  Portland,  Oregon,  caused  by  another  Class  III  station  
at Los  Angeles,  California,  which  is  radiating  a signal  of  560  mv/m unattenuated  
at  one  mile  in the  great  circle  direction  of  Portland,  using  a 0.5 wavelength  an
tenna.  The distance  is  825  miles.  From  Figure  6-A  of  § 3-190  the  upper  and  lower  
pertinent  angles  are  7°  and  3-5°  and,  from  Figure  5 of  § 3-190  the  maximum

(h)  In  the  case  of  non-directional  vertical  antennas,  the  vertical  distribu 
tion  of  relative  fields  for  several  heights,  assuming  sinusoidal  distribution  of  
current  along  the  antenna,  is  shown  in  Figure  5 of  § 3-190.  In  the  case  of  direc 
tional  antennas  the  vertical  pattern  in  the  great  circle  direction  toward  the  
point  of  reception  in  question  must  first  be calculated.  Then  for  the  distance  to  
the  points,  the  upper  and  lower  pertinent  angles  are  determined  from  Figure  6-A  
of  § 3-190.  The ratio  of  the  largest  value  of  radiated  field  occurring  between  
these  angles,  to  100  mv/m (for  which  Figure  2 of  § 3-190  is  drawn)  is  then  used  
as  the  multiplying  factor  for  the  value  of  the  field  read  from  the  curves  of  
Figure  2 of  § 3.190.  Note  that  while  the  accuracy  of  the  curves  is  not  as  well  
established  by  measurements  for  distances  less  than  250  miles  as  for  distances  in  
excess  of  250 miles,  the  curves  represent  the  most  accurate  data  available  today.  
Pending  accumulation of  additional  data  to  establish  firm  standards  for  skywave  
calculations  in  this  range,  the  curves  may be used.  In  cases  where  the  radia 
tion  in  the  vertical  plane,  in  the  pertinent  azimuth,  contains  a large  lobe  at  a 
higher  angle  than  the  pertinent  angle  for  one  reflection  the  method  of  calculating  
interference  will  not  be restricted  to  that  described  above,  but  each  such  case  
will  be considered  on the  basis  of  the  best  knowledge  available.

(g)  Figure  6-A  of  § 3-190,  entitled  "Angles  of  Departure  vs.  Transmission  
Bange,"  is  to be used  in  determining  the  angles  in  the  vertical  pattern  of  the  
antenna  of  an interfering  station  to  be considered  as  pertinent  to  transmission  
by  one  reflection.  Corresponding  to  any  given  distance,  the  curves  U and  5 indi 
cate  the  upper  and  lower angles  within  which  the  radiated  field  is  to  be consid 
ered.  The maximum value  of  field  intensity  occurring  between  these  angles  will  
be used  to  determine  the  multiplying  factor  for  the  10$  skywave  field  intensity  
determined  from  Figure  2 of  § 3.190.  (Curves  2 and  3 are  considered  to  represent  
the  variation  due  to  the  variation  of  the  effective  height  of  the  E-layer  while  
Curves  U and  5 extend  the  range  of  pertinent  angles  to  include  a factor  which  
allows  for  scattering.  The dotted  lines  are  included  for  information  only.)
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(j)  When the  distance  is  large,  more  than  one  reflection  may he involved  
and  due  consideration  must  he given  each  appropriate  vector  in  the  vertical  
pattern  as  well  as  the  constants  of  the  earth  where  reflection  takes  place  between  
the  transmitting  station  and  the  service  area  to  which  interference  may he caused.

(ii)  Using  semi-log  coordinate  paper,  plot  field  intensity  times  
distance  as  ordinate  on the  log  scale  and  distance  as  abscissa  on 
the  linear  scale.

(2)  The data  required  by  subparagraph  (1)  of  this  paragraph  should  be 
plotted  for  each  radial  in  accordance  with  either  of  the  two  methods  set  forth  
below:

(i)  Using  log-log  coordinate  paper,  plot  field  intensities  as  
ordinate  and  distance  as  abscissa.

(1)  Beginning  as  near  to  the  antenna  as  possible  without  including  the  
inducing  field  and  to  provide  for  the  fact  that  a broadcast  antenna  not  being  a 
point  source  of  radiation  (not  less  than  one  wave length  or  5  times  the  vertical  
height  in  the  case  of  a single  element,  i.e.,  nondirectional  antenna  or  10  times  
the  spacing  between  the  elements  of  a directional  antenna) ,  measurements  shall  
be made on  eight  or  more  radials,  at  intervals  of  approximately  one-tenth  mile  
up to  2 miles  from  the  antenna,  at  intervals  of  approximately  one-half  mile  
from  2 miles  to  6 miles  from  the  antenna,  at  intervals  of  approximately  2 miles  
from  6 miles  to  15 or  20 miles  from  the  antenna,  and  a few  additional  measure 
ments  if  needed  at  greater  distances  from  the  antenna.  Where the  antenna  is  
rurally  located  and  unobstructed  measurements  can  be  made,  there  shall  be as  
many as  18 or  20 measurements  on  each  radial.  However,  where  the  antenna  is  
located  in  a city  where  unobstructed  measurements  are  difficult  to  make,  measure 
ments  shall  be  made on  each  radial  at  as  many unobstructed  locations  as  possible,  
even  though  the  intervals  are  considerably  less  than  stated  above,  particularly  
within  2 miles  of  the  antenna.  In  cases where  it  is  not  possible  to  obtain  
accurate  measurements  at  the  closer  distances  (even  out  to  5 or  6 miles  due  to  
the  character  of  the  intervening  terrain),  the  measurements  at  greater  distances  
should  be  made at  closer  intervals,  (it  is  suggested  that  "wave  tilt"  measure 
ments  may be  made to  determine  and  compare  locations  for  taking  field  intensity  
measurements ,  particularly  to  determine  that  there  are  no  abrupt  changes  in  
ground  conductivity  or  that  reflected  waves  are  not  causing  abnormal  intensities.)

§ 3.186  Field  intensity  measurements  in  allocation;  establishment  of  effective  
field  at  one  mile .--(a)Section  3.U5  provides  that  certain  minimum  field  inten-  
sities  are  acceptable  in  lieu  of  the  required  minimum  physical  vertical  heights  
of  the  antennas  proper.  Also  in  other  allocation  problems,  it  is  necessary  to  
determine  the  effective  field  at  1 mile.  The following  requirements  shall  govern  
the  taking  and  submission  of  data  on the  field  intensity  produced:

radiation  within  these  angles  is  99$  of  the  horizontal  radiation  or  55^  mv/m 
at  1 mile.  The latitude  of  the  path  is  39.8°  N and  from  Figure  2 of  § 3-190,  
the  10$  skywave  field  at  825 miles  is  0.050  mv/m for  100  mv/m radiated.  Multi 
plying  by  55^ qq  to  adjust  the  value  to  the  actual  radiation  gives  0.277  mv/m.  
At  20 to  1 ratio  the  limitation  to  the  Portland  station  is  to  the  5-5  mv/m 
contour.
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(3) Description,  of method,  used,  to  take  field,  intensity  measurements.

(4)

(5) The curves  drawn  for  each  radial  and  the  field  intensity  pattern.

(6)  Antenna  resistance  measurement:

(iv)

(20)1-21-56

(h)  Complete  data  taken  in  conjunction  with  the  field  intensity  measure 
ments  shall  he submitted  to the  Commission  in  affidavit  form  including  the  follow 
ing:

(2)  Map showing  each  point  of  measurement  numbered  to  agree  with  tabu 
lation  required  above.

(7)  Antenna  current  or  currents  maintained  during  field  intensity  
measurements .

The family  of  theoretical  curves  used  in determining  the  curve  for  
each  radial  properly  identified  by  conductivity  and  dielectric  constants.

(3) However,  regardless  of  which  of  the  methods  in  subparagraph  (2)  of  
this  paragraph  is  employed,  the  proper  curve  to  be  drawn  through  the  points  plotted  
shall  be determined  by  comparison  with  the  curves  in  § 3-184  as  follows:  Place  the  
sheet  on  which  the  actual  points  have  been  plotted  over  the  appropriate  Graph  in  
§ 3.184,  hold  to  the  light  if  necessary  and  adjust  until  the  curve  most  closely  
matching  the  points  is  found.  This  curve  should  then  be drawn  on  the  sheet  on 
which  the  points  were  plotted,  together  with  the  inverse  distance  curve  correspond 
ing  to  that  curve.  The field  at  1 mile  for  the  radial  concerned  shall  be  the  
ordinate  on  the  inverse  distance  curve  at  1 mile .

(5)  While  making  the  field  intensity  survey,  the  output  power  of  the  
station  shall  be maintained  at  the  licensed  power  as  determined  by  the  direct  
method.  To do this  it  is  necessary  to  determine  accurately  the  total  antenna  
resistance  (the  resistance  variation  method,  the  substitution  method  or  bridge  
method'is  acceptable)  and  to  measure  the  antenna  current  by  means of  an  ammeter  
of  acceptable  accuracy.  (See  §§ 3-39  and  3-54.)

(1)  Tabulation  by  number  of  each  point  of  measurement  to  agree  with  the  
map required  in  (2)  below  and  the  field  intensity  meter  reading,  the  attenuation  
constant,  the  field  intensity  (E),  the  distance  from  the  antenna  (D)  and  the  pro 
duct  of  the  field  intensity  and  distance  (ED)  (if  data  for  each  radial  are  plotted  
on semi-logarithmic  paper,  see  above)  for  each  point  of  measurement.

(4)  When all  radials  have  been  analyzed  in  accordance  with  subparagraph  
(3)  of  this  paragraph,  a curve  shall  be  plotted  on  polar  coordinate  paper  from  the  
fields  obtained,  which  gives  the  inverse  distance  field  pattern  at  1 mile.  The 
radius  of  a circle,  the  area  of  which  is  equal  to  the  area  bounded  by  this  pattern,  
is  the  effective  field.  (See  § 3.14.)

(i)  Antenna  resistance  at  operating  frequency.
(ii)  Description  of method  employed.

(iii)  Tabulation  of  complete  data.
Curve  showing  antenna  resistance  versus  frequency.
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Description,  accuracy,  date,  and by  whom each  instrument  was last

Name, address,  and  qualifications  of  the  engineer  making  the

(10) Any other  pertinent  information.

§ 3.187  (Reserved.)

(2)  To cause  and  experience  minimum  interference  to  and  from  other
stations . zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA

(M To fulfill  certain  other  requirements  given  below.

(b)  The site  selected  should  meet  the  following  conditions:

(1) zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA

(21)1-21-56

(2)  A minimum  field  intensity  of  5 to  10 
the  most  distant  residential  section.

(3)  To present  a minimum  hazard  to  air  navigation  consistent  with  
objectives  (1)  and  (2).

(9)
measurements .

(8)  
calibrated.

§ 3.188  Location  of  transmitters . --(a)  The four  primary  objectives  to be ob
tained  in  the  selection  of  a site  for  a transmitter  of  a broadcast  station  are  as  
follows :

(1)  To serve  adequately  the  center  of population  in  which  the  studio  is  
located  and  to  give  maximum coverage  to  adjacent  areas.

(3) The absorption  of  the  signal  is  the  minimum  for  any  obtainable  
sites  in the  area.  As a guide  in this  respect  the  absorption  of  the  signals  
from  other  stations  in that  area  should  be followed,  as  well  as  the  results  of  
tests  on other  sites.

A minimum  field  intensity  of  25 to  50 mv/m will  be obtained  over  
the  business  or  factory  areas  of  the  city.

mv/m will  be obtained  over

(c)  In  selecting  a site  in  the  center  of  a city  it  is  usually  necessary  to  
place  the  radiating  system  on  the  top  of  a building.  This  building  should  be 
large  enough  to  permit  the  installation  of  a satisfactory  ground  and/or  counter 
poise  system.  Great  care  must  be taken  to  avoid  selecting  a building  surrounded  
by  taller  buildings  or  where  any  nearby  building  higher than  the  antenna  is  
located  in the  direction  which  it  is  desired  to  serve.  Such  a building  will  tend  
to  cast  "radio  shadows"  which  may materially  reduce  the  coverage  of  the  station  
in  that  direction.  Irrespective  of  the  height  of  surrounding  buildings,  the  
building  on  which  the  antenna  is  located  should  not  have  height  of  approximately  
one-quarter  wavelength.  A study  of  antenna  systems  located  on  buildings  tends  to  
indicate  that  where  the  building  is  approximately  a quarter  wavelength  in  height,  
the  efficiency  of  radiation  may be  materially  reduced.

(U)  The population  within  the  blanket  contour  does  not  exceed  that  
specified  by  § 3-2^  (g).
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(2)  Geographical  contour  map with  contour  intervals  of  20 to  50 feet.

(f)

or

(22)1-21-56

(g)  The ideal  location  of  a broadcast  transmitter  is  in a low  area  of  marshy  
"crawfishy"  soil  or  area  which  is  damp the  maximum percentage  of  time  and  from zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA

(3) Map showing  the  type,  nature  and  depth  of  the  soil  in  the  area  
with  special  reference  to the  condition  of  the  moisture  throughout  the  year.

(1)  Map of  the  density  of population  and  number  of  people  by  sections  
in  the  area.  (See  Bureau  of Census  series  P-D and  H-E available  from  Superin 
tendent  of  Documents,  Washington  25,  D.  C.)

If  a compromise  must  be  made between  probable  radio  shadows  from  in 
tervening  hills  and  locating  the  transmitter  on top  of  a hill,  it  is  generally  
better  to  compromise  in  favor  of  the  low  area,  where  an efficient  radiating  sys 
tem  may be installed  which  will  more  than  compensate  for  losses  due  to  shadows  
being  caused  by  the  hills,  if  not  too  numerous  or  too  high.  Several  transmitters  
have  been  located  on top  of hills,  but  so  far  as  data  has  been  supplied  not  a 
single  installation  has  given  superior  efficiency  of  propagation  and  coverage.

(d)  Particular  attention  must  be given  to  avoiding  cross-modulation.  In  
this  connection,  attention  is  invited  to  the  fact  that  it  has  been  found  very  
unsatisfactory  to  locate  broadcast  stations  so  that  high  signal  intensities  
occur  in  areas  with  overhead  electric  power  or  telephone  distribution  systems  
and  sections  where  the  wiring  and  plumbing  are  old  or  improperly  installed.  
These  areas  are  usually  found  in the  older  or  poorer  sections  of  a city.  These  
conditions  give  rise  to  cross-modulation  interference  due  to the  nonlinear  con 
ductivity  characteristics  of  contacts  between  wiring,  plumbing,  or  other  conductors.  
This  type  of  interference  is  independent  of  the  selectivity  characteristics  of  the  
receiver  and  normally  can  be eliminated  only  by  correction  of  the  condition  causing  
the  interference.  Cross-modulation  tends  to  increase  with  frequency  and  in  some 
areas  it  has  been  found  impossible  to  eliminate  all  sources  of  cross-modulation,  
resulting  in  an  unsatisfactory  condition  for  both  licensee  and  listeners . The 
Commission  will  not  authorize,  (1)  new stations  (2)  increased  facilities  to  
existing  stations,  or  (3) auxiliary  transmitters,  for  use  with  other  than  the  
authorized  antenna  system  of  the  main  transmitter,  located  in  such  areas  or  
utilizing  roof-top  antennas,  when the  operating  power  would  be in  excess  of  500  
watts .

From these  maps a site  should  be selected  with  a minimum  number  of  intervening  
hills  between  it  and  the  center  of  the  city.  In  general,  because  of  ground  
conditions ,  it  is  better  to  select  a site  in  a low  area  rather  than  on top  of  a 
hill,  and  the  only  condition  under  which  a site  on top  of  a hill  should  be 
selected  is  that  it  is  only  possible  by  this  means to  avoid  a substantial  number  
of  hills,  between  the  site  and  the  center  of  a city  with  the  resulting  radio  
shadows.  If  a site  is  to  be selected  to  serve  a city  which  is  on a general  
sloping  area,  it  is  generally  better  to  select  a site  below  the  city  than  above  
the  city.

(e)  If  it  is  determined  that  a site  should  be selected  removed  from  the  
city,  there  are  several  general  conditions  to  be followed  in determining  the  
exact  Bite.  Three  maps should  be given  consideration  if  available:
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(m)  While  an  experienced,  engineer  can  sometimes  select  a satisfactory  site  
for  a 100-watt  station  by  inspection,  it  is  necessary  for  a higher  power  station  
to  make a field-intensity  survey  to  determine  that  the  site  selected  will  be

(k)  Another  factor  to  be considered  is  the  relation  of  the  site  to  airports  
and  airways.  Procedures  and  standards  with  respect  to  the  Commission's  consider 
ation  of  proposed  antenna  structures  which  will  serve  as  a guide  to  persons  in 
tending  to  apply  for  radio  station  licenses  are  contained  in  Part  17 of  this  
chapter  (Rules  Concerning  the  Construction,  Marking  and  Lighting  of  Antenna  
Structures).

which  a  clear  view  over  the  entire  center  of  population  may be had  and  the  tall  
buildings  in the  business  section  of  the  city  would  cast  a shadow  across  the  
minimum  residential  area.

(i)  Figures  M3  and  R3 of  § 3-190  indicate  effective  conductivity  values  in  
the  United  States  and  are  to  be used  for  determining  the  extent  of  broadcast  sta 
tion  coverage  when adequate  field  intensity  measurements  over  the  path  in  questicn  
are  not  available.  Since  the  values  specified  are  only  for  general  areas  and  
since  conductivity  values  over  particular  paths  may vary  widely  from  those  shown,  
caution  must  be exercised  in using  the  maps for  selection  of  a satisfactory  
transmitter  site.  Where the  submission  of  field  intensity  measurements  is  deemed 
necessary  or  advisable,  the  Commission,  in  its  discretion,  may require  an  appli 
cant  for  new or  changed  broadcast  facilities  to  submit  such  data  in  support  of  
its  application.

(j)  In  general,  broadcast  transmitters  operating  with  approximately  the  same 
power  can  be grouped  in  the  same approximate  area  and  thereby  reduce  the  inter 
ference  between  them.  If  the  city.is  of  irregular  shape,  it  is  often  possible  to  
take  advantage  of  this  in  selecting  a suitable  location  that  will  give  a maximum 
coverage.  The maps giving  the  density  of population  will  be a key  to  this.  The 
map giving  the  elevation  by  contours  will  be a key  to  the  obstructing  hills  
between  the  site  and  city.  The map of  the  soil  conditions  will  assist  in deter 
mining  the  efficiency  of  the  radiating  system  that  may be erected  and  the  ab
sorption  of  the  signal  encountered  in  the  surrounding  area.

(h)  The type  and  condition  of  the  soil  or  earth  immediately  around  a site  
is  very  important.  Important,  to  an  equal  extent,  is the  soil  or  earth  between  
the  site  and  the  principal  area  to  be served.  Sandy  soil  is  considered  the  worst  
type,  with  glacial  deposits  and  mineral-ore  areas  next.  Alluvial,  marshy  areas  
and  salt-water  bogs  have  been  found  to  have  the  least  absorption  of  the  signal.  
One is  fortunate  to  have  available  such  an  area  and,  if  not  available,  the  next  
best  condition  must  be selected.

(1)  In  finally  selecting  the  site,  consideration  must  be given  to  the  required  
space  for  erecting  an  efficient  radiating  system,  including  the  ground  or  counter-  

It  is  the  general  practice  to  use  direct  grounds  consisting  of  a radial  
buried  wire  system.  If  the  area  is  such  that  it  is  not possible  to  get  such  ground  
system  in  soil  that  remains  moist  throughout  the  year,  it  probably  will  be found  
better  to erect  a counterpoise.  (Such a site  should  be selected  only  as  a last  
resort.)  It,  like  the  antenna  itself,  must  of  course  be designed  properly  for  the  
operating  frequency  and  other  local  conditions.
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(2)  These  minimum  actual  physical  vertical  heights  of  antennas  per 
mitted  to be 
follows :

(b)  The specifications  deemed necessary  to meet  the  requirements  of  good  
engineering  practice  at  the  present  state  of  the  art  are  set  out  in detail  below.

§ 3-189  Minimum  antenna  heights  or  field  intensity  requirements . —(a)  Section  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
3A5 requires  that  all  applicants  for  new,  additional,  or  different  broadcast  
facilities  and  all  licensees  requesting  authority  to  move the  transmitter  of  an 
existing  station,  shall  specify  a  radiating  system,  the  efficiency  of  which  com
plies  with  the  requirements  of  good  engineering  practice  for  the  class  and power  
of  the  station.

entirely  satisfactory.  There  are  several  facts  that  cannot  be determined  by  
inspection  that  make a survey  very  desirable  for  all  locations  removed  from  the  
city.  Often  two  or  more  sites  may be selected  that  appear  to  be of  equal  promise.  
It  is  only  by  means of  field-intensity  surveys  taken  with  a transmitter  at  the  
different  sites  or  from  measurements  on the  signal  of nearby  stations  traversing  
the  terrain  involved  that  the  most  desirable  site  ca.n  be determined.  There  are  
many factors  regarding  site  efficiency  that  cannot  be determined  by  any  other  
method.  When making  the  final  selection  of  a site,  the  need  for  a field-intensity  
survey  to  establish  the  exact  conditions  cannot  be stressed  too  strongly.  The 
selection  of  a proper  site  for  a broadcast  station  is  an important  engineering  
problem  and  can  only  be done  properly  by  experienced  radio  engineers.

installed  are  shown  by  curves  A,  B,  and  C of  Figure  7 of  § 3-190  as

(1)  The licensee  of  a standard  broadcast  station  requesting  a change  
in  power,  time  of  operation,  frequency,  or  transmitter  location  must  also  request  
authority  to  install  a new antenna  system  or  to  make changes  in the  existing  
antenna  system  which  will  meet  the  minimum  height  requirements ,  or  submit  evi 
dence  that  the  present  antenna  system  meets  the  minimum  requirements  with  respect  
to  field  intensity,  before  favorable  consideration  will  be given  thereto.  (See  
§ 3-186.)  In  the  event  it  is  proposed  to  make substantial  changes  in  an existing  
antenna  system,  the  changes  shall  be such  as  to  meet  the  minimum  height  require 
ments  or  will  be permitted  subject  to  the  submission  of  field  intensity  measure 
ments  showing  that  it  meets  the  minimum  requirements  with  respect  to  effective  
field  intensity.

(ii)  Class  II  and  III  stations,  or  a minimum  effective  field  
intensity  of  175 mv/ra  for  1 kilowatt.

(iii)  Class  I  stations,  or  a minimum  effective  field  intensity  
of  225 mv/m for  1 kilowatt .

(i)  Class  IV  stations,  150  feet  or  a minimum  effective  field  
intensity  of  150  mv/m for  1 kilowatt  (100  watts  47-5  mv/m,  and  
250  watts  75 mv/m).  (This  height  applies  to  a Class  IV  station  
on  a local  channel  only.  In the  case  of  a Class  IV  station  assign 
ed  to  a regional  channel  Curve  A shall  apply. )
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a
certain  conditions).

(8)  The main  element  or  elements  of  a directional  antenna  system  shall  
meet  the  above  minimum  requirements  with  respect  to  height  or  effective  field  in 

No directional  antenna  system  will  be approved  which  is  so  designed  that  
the  effective  field  of  the  array  is  less  than  the  minimum  prescribed  for  the  class  
of  station  concerned,  or  in  case  of  a Class  I  station  less  than  90  percent  of  the  
ground  wave field  which  would  be obtained  from  a perfect  antenna  of  the  height  
specified  by  Figure  7 of  § 3-190  for  operation  on  frequencies  below  1000  kilocycles,  
and  in  the  case  of  a Class  II  or  III  station  less  than  90  percent  of  the  ground  
wave field  which  would  be obtained  from  a perfect  antenna  of  the  height  specified  
by  Figure  7 of  § 3-190  for  operation  on  frequencies  below  750  kilocycles.

on  the  graph  for  the  antenna  apply  regardless  of  
Except  for  the

(5)  At  the  present  development  of  the  art,  it  is  considered  that  where  
a vertical  radiator  is  employed  with  its  base  on  the  ground,  the  ground  system  
should  consist  of  buried  radial  wires  at  least  one-fourth  wave length  long.  There  
should  be  as  many of  these  radials  evenly  spaced  as  practicable  and  in  no  event  
less  than  90.  (120  radials  of  O.35  to  0A of  a wave length  in  length  and  spaced
3°  is  considered  an  excellent  ground  system  and  in  case  of  high  base  voltage,  a 
base  screen  of  suitable  dimensions  should  be employed.)

(U)  To obtain  the  maximum efficiency  of  which  any  antenna  is  capable  
good  ground  system  must  be employed  (a  counterpoise  may be substituted  under

(6)  It  should  be  borne  in  mind  that  the  above  specifications  are  the  
minimum  and  where  possible  better  antenna  and  ground  systems  should  be installed.

(7)  In.  case  it  is  contended  that  the  required  antenna  efficiency  can  
be obtained  with  an  antenna  of  height  or  ground  system  less  than  the  minimum  
specified,  a complete  field  intensity  survey  must  be supplied  to  the  Commission  
showing  that  the  field  intensity  at  a mile  without  absorption  fulfills  the  minimum  
requirements.  (See  § 3-186.)  This  field  survey  must  be  made by  a qualified  
engineer  using equipment  of  acceptable  accuracy.

(3)  The heights  given  
whether  the  antenna  is  located  on  the  ground  or  on  a  building,  
reduction  of  shadows,  locating  the  antenna  on  a  building  does  not  necessarily  
increase  the  efficiency  and  where  the  height  of  the building  is  in  the  order  of  
a quarter  wave the  efficiency  may be  materially  reduced.

(9)  Before  any  changes  are made in the  antenna  system,  it  is  necessary  
to  submit  full  details  to  the  Commission  for  approval.  These  data  may be sub 
mitted  by  letter.



(535 —1605  kc.)

1.  ENGINEERING STANDARDS OF ALLOCATION

Class  I  stations  are  dominant  stations  operating  on clear channels  as  follows:

Class  I  stations  may he divided  into  two

(11-15-52) (1)

(2)  From an  engineering  point  of  view,  
groups :

STANDARDS OF GOOD ENGINEERING PRACTICE CONCERNING STANDARD 
BROADCAST STATIONS

forth  in  section  3-22.
as  follows;  (17FR994O,  Eff.  12-4-52)

(1)  Class  I  stations  operate  with  powers  of  not  less  than  10 or  more  than  50 kw.  
These  stations  are  designed  to  render  primary  and  secondary  service  over  an extended  
area  and  at  relatively  long  distances,  hence  have  their  primary  service  areas  1/  
free  from  objectionable  interference  from  other  stations  on the  same and  adjacent  
channels  and  secondary  service  areas  free  from  objectionable  interference  from  sta 
tions  on  the  same channels.  2/  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA3/

(a)  The Class  I  stations  in Group  I  are  those  assigned  to  the  channels  allocated  
by  section  3-25,  paragraph  (a),  on  which  duplicate  nighttime  operation  is  not  permit 
ted,  that  is,  no other  station  is  permitted  to  operate  on a channel  with  a Class  I  
station  of  this  group  within  the  limits  of  the  United  States  (the  Class  II  stations  
assigned  the  channels  operate  limited  time  or  daytime  only),  and  during  daytime  the  
Class  I  station  is  protected  to  the  100  uv/m  ground  wave contour.  Protection  is  
given  this  class  of  station  to  the  500  uv/m  ground  wave contour  from  adjacent  chan 
nel  stations  for  both  day and  nighttime  operations.  2/  The power  of  each  such  Class  I  
station  shall  not  be less  than  50 kw.

Section  3-28  requires  that  individual  broadcast  station  assignments  shall  be made 
in  accordance  with  the  standards  of  good  engineering  practice  prescribed  and  pub 
lished  from  time  to  time  by  the  Commission.  These  standards  for  each  class  of  sta 
tion  are  set  out  below.

(b)  The Class  I  stations  in  Group  2 are  those  assigned  to  the  channels  allocated  
by  section  3-25^  paragraph  (b),  on  which  duplicate  operation  is  permitted,  that  is,  
other  Class  I  or  Class  II  stations  operating  unlimited  time  may be assigned  to  such  
channels.  During  nighttime  hours  of  operation  a Class  I  station  of  this  group

1/  See section  3-H  for  the  definitions  of  primary  and  secondary  service  areas.  ~ 
2/  See tables  IV  and  V.

The secondary  service  area  of  a Class  I  station  is  not  protected  from  adjacent  
channel  interference.  However,  if  it  is  desired  to  make a determination  of  the  
area  in  which  adjacent  channel  ground  wave interference  (10  kc  removed)  to  skywave  
service  exists ,  it  may be considered  as  the  area  where  the  ratio  of  the  desired  
50$  skywave  of  the  Class  I  station  to  the  undesired  groundwave  of  a station  10 kc  
removed  is  1 to  4.  (Amendment  321,  Effective  2-10-4?)

Sections  3-21  to  3-34,  Inclusive,  govern  the  allocation  «f  facilities  in the  
standard  broadcast  band  of  535  to  1605  kc .,  inclusive.  Section  3.21  establishes  
three  classes  of  channels  in  this  band,  namely,  clear  channels  for  the  use  of high-  
powered  stations,  regional  channels  for  the  use  of medium-powered  stations,  and  
local  channels  for  the  use  of  low-powered  stations.  The classes  and power  of  
standard  broadcast  stations  which  will  be assigned  to  the  various  channels  are  set  

This  classification  of  the  standard  broadcast  stations  are
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0.12  
0.10

Class  III  stations  operate  on  regional  channels  and  normally  render  primary  ser 
vice  to  the  metropolitan  district  and  the  rural area  contained  therein  and  contigous  
thereto,  and  are  subdivided  into  two  classes:

Hereafter,  for  the  purpose  of  convenience,  the  two  groups  of  Class  I  stations  will  
be termed  Class  la  or  lb  in  accordance  with  the  assignment  to  channels  allocated  by  
section  3.25(a)  or  3.25(b).

500  uv/m  ground  wave contour  daytime.  2/

is  protected  to  the  500  uv/m  50 percent  sky  wave contour  and  during  daytime  hours  
of  operation  to  the  100  uv/m  ground  wave contour  from  stations  on the  same channel.  
Protection  is  given  to  the  500  uv/m  ground  wave contour  from  stations  on adjacent  
channels  for  both  day  and  nighttime  operation.  2/  The operating  powers  of  Class  I  
stations  on  these  frequencies  shall  be  not  less  than  10 kw nor  more  than  50  kw.

Class  II  stations  are  secondary  stations  which  operate  on clear  channels  with  
powers  not  less  than  0.25  kw or  more  than  50 kw.  These  stations  are  required  to  
use  a directional  antenna  or  other  means to  avoid  causing  interference  within  the  
normally  protected  service  areas  of  Class  I  stations  or  other  Class  II  stations.  
These  stations  normally  render  primary  service  only,  the  area  of  which  depends  on 
the  geographical  location,  power,  and  frequency.  This  may be relatively  large  but  
is  limited  by  and  subject  to  such  interference  as  may be received  from  Class  I  
stations.  However,  it  is  recommended  that  Class  II  stations  be so  located  that  
the  interference  received  from  Class  I  stations  will  not  limit  the  service  area  to  
greater  than  the  2500  'uv/m  ground  wave contour,  which  is  the  value  for  the  mutual  
protection  of  this  class  of  station  with  other  stations  of  the  same class.  2/

(a)  Class  III-A  stations  which  operate  with  powers  not  less  than  1 kw or  more  than  
5 kw are  normally  protected  to  the  2500  uv/m  ground  wave contour  nighttime  and  the

(b)  Class  III-B  stations  which  operate  with  powers  not  less  than  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA0.5 kw 
than  1  kw nighttime  and  5 kw daytime  are  normally  protected  to  the  kOOO 
wave contour  nighttime  and  500  uv/m  ground  wave contour  daytime.  2/

Class  IV  stations  operate  on  local  channels  normally  rendering  primary  service  
only  to  a city  or  town  and  .the  suburban  and  rural areas  contiguous  thereto  with  
powers  not  less  than  0.1  kw or  more  than  0.25  kw.  These  stations  are  normally  pro 
tected  to  500 uv/m  ground  wave contour  daytime.  On local  channels  the  separation  
required  for  the  daytime  protection  shall  also  determine  the  tiighttime  separation.  
The actual  nighttime  limitation  will  be ca lculated.  3a/* ___________________ _
2/" ” See Tables  TV and  V. QPONMLKJIHGFEDCBA
3& / The following  approximate  method  may be used.  It  is  based  on  the  assumption  of  
0.25  wavelength  antenna  height  and  88  mv/m at  one  mile  effective  fieldtfor '250  watts  
power,  using  the  10$  skywave  field  intensity  curve  of  Figure  1-A.  Zones  defined  by  
circles  of various  radii  specified  below  are  drawn  about  the  desired  station  and  the  
interfering  10$  skywave  signal  from  each  station  in  a given  zone  is  considered  to  be 
the  value  tabulated  below.  The effective  interfering  10$  skywave  signal  is  "taken  to  
be the RSS value  of  all  signals  originating  within  these  zones.  (Stations  beyond  500  
miles  are  not  considered.)

Zone
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When a  station  is  already  limited  by  interference  from  other  stations  to  a con 
tour  of  higher  value  than  that  normally  protected  for  its  class,  this  contour  shall  
be the  established  standard  for  such  station  with  respect  to  interference  from  all  
other  stations .

When it  is  shown  that  primary  service  is  rendered  by  any  of  the  above  classes  of  
stations,  beyond  the  normally  protected  contour,  and  when primary  service  to  approxi 
mately  90 percent  of  the  population  (  population  served  with  adequate  signal)  of  the  
area,  between  the  normally  protected  contour  and  the  contour  to which  such  station  
actually  serves,  is  not  supplied  by  any  other  station  or  stations  carrying  the  same 
general  program  service,  the  contour  to  which  protection  may be afforded  in  such  
cases  will  be determined  from  the  individual  merits  of  the  case  under  consideration.

The class  of  any  station  is  determined  by  the  channel  assignment,  the  power,  and  
the  field  intensity  contour  to  which  it  renders  service  free  of  interference  from  
other  stations  as  determined  by  these  standards.  No station  will  be permitted  to  
change  to  a.  class  normally  protected  to  a contour  of  less  intensity  than  the  con 
tour  to which  the  station  actually  renders  interfernce-free  service.  Any station  
of  a class  normally  protected  to  a contour  of  less  intensity  than  that  to  which  the,  
station  actually  renders  interference-free  service,  will  be automatically  reclassi 
fied  according  to  the  class  normally  protected,  the  minimum  consistent  with  its  
power  and  channel  assignment.  Likewise,  any  station  to which  the  interference  is  
reduced  so  that  service  is  rendered  to  a contour  normally  protected  for  a higher  
class  will  be automatically  changed  to  that  class  if  consistent  with  its  power  and  
channel  assignment.

3a/  (Cont.)  Where the  power  of  the  interfering  station  is  not  250 watts,  the  10% 
skywave  signal  should  be adjusted  by  the  square  root  of  the  ratio  of  the  power  to  
250  watts.  (Amend.  321,  Eff.  2-10-4-7)
4/  The assignment  of  a Class  IV  station  to  a regional  channel  normally  is  not  con 
sidered  as  making  the  best  usage  of  the  assignment  and  will  be made only  when it  is  
shown  among other  things  that--

(1)  There  are  no other  transmission  facilities  in the  town  or  towns  in  the  pro 
posed  service  area.

(2)  There  is  no local  channel  assignment  available  for  that  area.
(3)  Adequate  economic  support  is  not  available  for  a  Class  III  station.
(4)  It  is  not  practical  from  an engineering  point  of  view  to  establish  a Class  III  

station  and  it  would  not  prevent  the  establishment  of  any  Class  III  station  on that  
channel  or  an adjacent  channel.



Table  I. —Primary  service

Table  II

In  determining  the  population  of  the  primary  service  area,  it  may be considered  
that  the  following  signals  are  satisfactory  to  overcome  man-made noise  in  towns  of  
the  population  given.,

Area:
City  business  or  factory  areas ---------------
City  residential  areas ---------------------
Rural —all  areas  during  winter  or  northern  areas

during  summer---------------------------
Rural--Southern  areas  during  summer----------

•0.1  to  0.5  mv/m
■0.25  to  1.0  mv/m

Population:
Up to  2,500 ---
2,500  to  10,000-
10,000  and  up—■

Tables  IV  and  V give  a complete  summary  of  the  protected  service  contours  and  per 
missible  interference  signals  for  broadcast  stations  on the  same and  adjacent  chan 
nels,  respectively.

Field  intensity  ground-wave- " 1 - 
------ 10 to  50  mv/m 
------ 2 to  10  mv/m

Field  intensity  ground  wave
--- 0.5  mv/m
--- 2.0  mv/m
--- Values  given  in  Table  I.

The signals  necessary  to  render  the  different  types  of  service  are  listed  be
low. zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA

1 See Appendix  I  for  curves  showing  distance  to  various  ground  wave field  intensity  
contours  for  different  frequency  and  ground  conductivities  and  Annex  I.

The several  classes  of  broadcast  stations  have  in  general  three  service  areas; 4a /  
namely,  primary,  secondary,  and  intermittent  service  areas.  Class  I  stations  ren 
der  service  to  all  three  service  areas.  Class  II  stations  render  service  to  a pri 
mary  area  but  the  secondary  and  intermittent  service  areas  may be materially  limi 
ted  or  destroyed  due  to  interference  from  other  stations  depending  on the  station  
assignments  involved.  Class  III  and  IV  stations  usually  have  only  primary  service  
areas  as  interference  from  other  stations  generally  prevents  any  secondary  service  
and  may limit  the  intermittent  service  area.  However,  complete  intermittent  ser 
vice  may be obtained  in  many cases  depending  on the  station  assignments  involved:

All  these  values  are  based  on  an  absence  of  objectionable  fading,  either  in  chang 
ing  intensity  or  selective  fading,  the  usual  noise  level  in  the  areas^/  and  an 
absence  of  limiting  interference  from  other  broadcast  stations.  The values  apply  
both  day  and  night  but  generally  fading  or  interference  from  other  stations  limits  
the  primary  service  at  night  in  all  rural  areas  to  higher  values  of  field  intensity  
than  the  values  given.

4a/  See section  3.11  for  the  definitions  of  primary,  secondary,  and  intermittent  
service  areas.
5/  Standards  have  not.been  established  for  interference  from  atmospherics  or  man
made electric  noise  as  no  uniform  method  of  measuring  noise  or  static  has  been  es 
tablished.  In  any  individual  case  objectionable  interference  from  any  source,  except  
other  broadcast  signals,  may be determined  by comparing  the  actual  noise  interference  
reproduced  during  reception  of  a desired  broadcast  signal  to  the  degree  of  interfer 
ence  that  would  be caused  by  another  broadcast  signal within  20 cycles  of  the  de
sired  signal  and  having  a  carrier  ratio  of  20 to  1 with  both  signals  modulated  100  
percent  on peaks  of  usual  programs.  Standards  of  noise  measurements  and  interference  
ratio  for  noise  are  now being  studied.

(4)  '



PROPOSED AMENDMENT

Section  1.  Engineering  Standards  of  Allocation —B.

(t>)  Insert  at  the  above  place  the  following  paragraphs:

7a, zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA

File opposite page 5 AM Standards

4-17-51+

Nighttime  skywave  interference  to  local  channel  stations  is,  however,  com
puted  in  accordance  with  the  method  described  in  Footnote  3a.

(a)  Delete  the  5"tb  and  6th  paragraphs  appearing  after  Table  II  
which  begin  "Section  3-23  provides  that —"  and"Section  3.24  
sets  out -- "

uv/m  groundwave  contour  of

The radiation  restrictions  obtained  by  the  use  of Appendix  II  during  the  
specified  periods  are  applicable  regardless  of whether  the  Class  I  station  which  
is  eligible  for  protection  from  the  effects  of  such  skywave  propagation  inthese  
periods  is  so  protected  by  existing  stations.

It  is  expressly  recognized  that  even  with  these  restrictions  a Class  II  station  
or  other  Class  I  station  may,  during  certain  daytime  periods,  produce  a 10$  of  the  
time  skywave  signal  in excess  of  5 uv/m  within  the  100  
a Class  I  station.

The extent  of primary  and  intermittent  service  and  the  absence  or  presence  
and  degree  of  objectionable  interference  to  all  classes  of  broadcast  stations  dur 
ing  the  daytime  shall  be determined  by  use  of  the  groundwave  field  intensity  curves  
in  Appendix  I.  Nighttime  service  and  interference  are  determined  by  the  use  of  the  
appropriate  second  hour  after  sunset  curves  7a/  (Figure  1 or  I-A)  and  the  ground 
wave versus  distance  curves  of  Appendix  I.

Of  the  several  classes  of  domestic  stations,  Class  I  stations  only  
are  to  be afforded  daytime  protection  from  the  effects  of  skywave  propagation  of  
radio  signals  radiated  by  other  domestic  Class  I  or  Class  II  stations  but  only  
from  assignments  on  the  same channel  and  in  the  manner  herein  described.  The ser 
vice  of  a Class  I  station  shall  be  protected  from  the  effects  of  skywave  propagation  
to  that  degree  which  will  result  from  restricting  the  radiation  from  each  <?o-channel  
station  to  the  values  obtained  by  use  of  the  curves  and  Table  in  Appendix  II,  in  the  
arc  included  between  the  horizontal  and  the  pertinent  angle  shown  on  Curve  4 of  Figure  
6-A,  toward  all  points  on  the  Class  I  station's  100  uv/m  groundwave  contour.  This  
radiation  restriction  shall  obtain  only  from  local  sunrise  at  the  transmitting  
station  until  two  hours  thereafter,  and  from  two  hours  prior  to local  sunset  at  the  
station  until  sunset.  In  these  transition  periods  the  100  uv/m  contour  of  the  
Class  I  station  eligible  for  protection  may shift  as  a result  of  a change  in  power  
or  mode of  operation.  In  that  event  the  permissible  radiation  for  the  Class  II  or  
other  Class  I  station  throughout  both  transition  periods  is  the  lowest  value  ob
tained  by  the  use  of  Appendix  II.



SECONDARY SERVICE

INTERMITTENT SERVICE

All  classes  of  broadcast  stations  have  primary  service  areas  subject  to  limitation  
by  fading  and  noise,  and  interference  from  other  stations  to  the  contours  set  out  
for  each  class  of  station,,

Section  3.24  sets  out  the  general  requirements  for  obtaining  an  increase  in  fac 
ilities-  of  a licensed  station  and  for  a new station.  Section  3.24  (b)  concerns  the  
matter  of  interference  that  may be caused  by  a  new assignment  or  increase  in  fac 
ilities  of  an existing  assignment.

These  values  are  subject  to  wide  variations  in  individual  areas  and  especial  atten 
tion  must  be given  to  interference  from  other  stations.  The values  are  not  considered  
satisfactory  in any  case  for  service  to  the  city  in  which  the  main  studio  of  the  sta 
tion  is  located.  The values  in Table  I  shall  apply  except  as  individual  consider 
ation  may deteimine.

Section  3.23  provides  that  the  several  classes  of  broadcast  stations  may be licensed  
to  operate  unlimited  time,  limited  time,  daytime,  sharing  time,  and  specified  hours,  
with  full  explanation  given  in the  section.

6/  The secondary  service  area  of  a Class  la  station  should  be considered  as  having  
this  limit  only  for  determination  of  service  in  comparison  with  other  stations.
7/  Standards  have  not  been  established  for  objectionable  fading  as  such  standards  
would  necessarily  depend  on the  receiver  characteristics  which  have  been  changed  
considerably  in  this  regard  during  the  last  several  years.  Selective  fading  
causing  audio  distortion  and  the  signal  fading  below  the-noise  level  are  the  ob
jectionable  characteristics  of  fading  on  modern  design  receivers.  The AVU circuits  
in  the  better  designed  modern  receivers  in  general  maintain  the  audio  output  suf 
ficiently  constant  to  be satisfactory  during  most  fading.

(5)

Secondary  service  is  delivered  in  the  areas  where  the  sky  wave for  50 percent  or  
more  of  the  time  has  a field  intensity  of  500  uv/m  or  greater.it  is  not  con 
sidered  that  satisfactory  secondary  service  can  be rendered  to  cities  unless  the  sky  
wave approaches  in  value  the  ground  wave required  for  primary  service.  The secondary  
service  is  necessarily  subject  to  some interference  and  extensive  fading  whereas  the  
primary  service  area  of  a station  is  subject  to  no objectionable  interference  or  
fading. ” /  Class  I  stations  only  are  assigned  on the  basis  of  rendering  secondary  
service.

The intermittent  service  is  rendered  by  the  ground  wave and  begins  at  the  outer  
boundary  of  the  primary  service  area  and  extends  to  the  value  of  signal  where  it  
may be considered  as  having  no further  service  value.  This may be down to  only  a 
few  microvolts  in  certain  areas  and  up to  several  millivolts  in  other  areas  of  high  
noise  level,  interference  from  other  stations,  or  objectionable  fading  at  night.  
The inteimittent  service  area  may vary  widely  from  day  to  night  and  generally  varies  
from  time  to  time  as  the  name implies.  Only  Class  I  stations  are  assigned  for  pro 
tection  from  interference  from  other  stations  into  the  intermittent  service  area.

greater.it


Examples  of  RSS interference  calculations;

Existing  interferences;

■-  0.60  mv/m2

(6)

8/  See footnote  6.

Station  No.  1 — 1.0  mv/m 
Station  No.
Station  No.  3 — 0.59 mv/m
Station  No.  4 — 0.58  mv/ra

1.

Objectionable  interference  from  another  broadcast  station®/  is  the  degree  of  in 
terference  produced  when,  at  a specified  field  intensity  contour  with  respect  to  the  
desired  station,  the  field  intensity  of  an  undesired  station  (or  the  root-sum-square  
value  of  field  intensities  of  two  or  more  stations  on the  sama frequency)  exceeds  
for  ten  (10)  percent  or  more  of  the  time  the  values  set  forth  in  these  standards.

In  the  cases  where  it  is  proposed  to  add  a new interfering  signal  
which  is  not  less  than  50% of  the  RSS value  of  interference  from  ex 
isting  stations  or which  is  greater  than  the  smallest  signal  already  
included  to  obtain  this  RSS value,  the  RSS limitation  after  addition  
of  the  new signal  shall  be calculated  without  excluding  any  signal  
previously  included.  Similarly,  in  cases  where  it  is  proposed  to  
increase  the  value  of  one  of  the  existing  interfering  signals  which  
has  been  included  in  the  RSS value,  the  RSS limitation  after  the  
increase  shall  be calculated  without  excluding  the  interference  from  
any  source  previously  included.

The RSS value  will  not  be considered  to  be increased  when a new interfering  sig 
nal  is  added  which  is  less  than  50% of  the  RSS value  of  the  interference  from  ex 
isting  stations,  and  which  at  the  same time  is  not  greater  than  the  smallest  sig 
nal  included  in  the  RSS value  of  interference  from  existing  stations.

With  respect  to  the  root-sum-square  values  of  interfering  field  intensities  re 
ferred  to  herein,  except  in  the  case  of  Class  IV  stations  on Local  Channels,  calcu 
lation  is  accomplished  by  considering  the  signals  in  order  of  decreasing  magnitude,  
adding  the  squares  of  the  values  and  extracting  the  square  root  of  the  sum,  exclud 
ing  those  signals  which  are  less  than  50% of  the  RSS value  of  the  higher  signals  
already  included.

If  the  new or  increased  signal  proposed  in  such  cases  is  ultimate 
ly  authorized,  the  RSS values  of  interference  to  other  stations  af 
fected  will  thereafter  be calculated  by  the  "50% exclusion"  method  
without  regard  to  this  alternate  method  of  calculation.

It  is  recognized  that  application  of  the  above  "50% exclusion"  method  of  calcu 
lating  the  RSS interference  may result  in  some cases  in anomalies  wherein  the  ad
dition  of  a new interfering  signal  or  the  increase  in  value  of  an existing  inter 
fering  signal  will  cause  the  exclusion  of  a previously  included  signal  and  may cause  
a decrease  in  the  calculated  RSS value  of  interference.  In  order  to  provide  the  
Commission  with  more  realistic  information  regarding  gains  and  losses  in  service  
(as  a basis  for  determination  of  the  relative  merits  of  a proposed  operation)  the  
following  alternate  method  for  calculating  the  proposed  RSS values  of  interference  
will  be employed  wherever  applicable.



receives  interference  from:

(Amend-  321 Effective  2-10-47)

0.68  mv/m.

Effective  2-10-47)

Station  A receives  interference  from:3.

(Amend.  321 Effective  2-10-47)

(7)

loO  mv/m 
0.60  mv/m 
0.59  mv/m

1 -
2 -
3 -

Objectionable  interference  from  a station  on  an  adjacent  channel  shall  be consid 
ered  to  exist  to  a station  when,  at  the  normally  protected  contour  of  a desired  sta 
tion,  the  field  intensity  of  the  ground  wave of  an  undesired  station  operating  on 
an  adjacent  channel  (or  the  root-sum-square  value  of  the  field  intensities  of  two  
or  more  such  undesired  stations  operating  on  the  same adjacent  channel)  exceeds  a 
value  specified  in  Table  V.

2.

Objectionable  interference  from  a  station  on  the  same channel  shall  be considered  
to  exist  to  a station  when,  at  the  field  intensity  contour  specified  in  Table  IV  with  
respect  to  the  class  to which  the  station  belongs,  the  field  intensity  of  an  inter 
fering  station  (or  the  root-sum-square  value  of  the  field  intensities  of  two  or  more  
interfering  stations)  operating  on the  same channel,  exceeds  for  ten  (10)  percent  or  
more  of  the  time  the  value  of  the  permissible  interfering  signal  set  forth  opposite  
such  class  in  Table  IV.

Station  No.
Station  No
Station  No.

Station  A.

Station  No.  1 --  1.0  mv/m
Station  No.  2 — 0.60  mv/m
Station  No.  3 — 0.59  mv/m

No.  1 proposes  to  increase  the  limitation  it  imposes  on Station  A 
to  1.21  mv/m.  Although  the  limitations  from  stations  Nos.  2 and  3 
are  less  than  50% of  the  1.21  mv/m limitation,  under  the  above  pro 
vision  they  are  nevertheless  included  for  comparative  studies,  and  
the  RSS limitation  is  calculated  to  be 1.47  mv/m.  However,  if  the  
increase  proposed  by  Station  No.  1 is  authorized,  the  RSS value  then  
calculated  is  1.21  mv/m because  Stations  Nos.  2 and  3 are  excluded  
in  view  of  the  fact  that  the  limitations  they  impose  are  less  than  
50% of  1.21  mv/m.  (Amend.  321 Effective  2-10-47)

It  is  proposed  to  add  a  new limitation  s  0.68  mv/m.  This  is more  than  50% of  1.31  
mv/m,  the  RSS value  of  Nos.  1,  2 and  3.  The RSS value  of  Station  No.  1 and  of  the  
proposed  station  would  be 1.21  mv/m which  is  more  than  twice  as  large  as  the  limita 
tion  from  Station  No.  2 or  No.  3.  However,  under  the  above  provision  the  new signal  
and  the  three  existing  interferences  are  nevertheless  calculated  for  purposes  of  com
parative  studies,  resulting  in  an  RSS value  of  1.47  mv/m.  However,  if  the  proposed  
station  is  ultimately  authorized,  only  No.  1 and  the  new signal  are  included  in  all  
subsequent  calculations  for  the  reason  that  Nos.  2 and  3 are  less  than  50% of  1.21

• mv/m,  the  RSS value  of  the  new signal  and  No.  1.  (Amend.  321

The RSS value  from  Nos.  1,  2 and  3 is  1.31  mv/m:  therefore  interfer 
ence  from  No.  4 is  excluded  for  it  is  less  than  50% of  1.31  mv/m.



Effective  FieldClass  of  Station
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3-20-54

£/  See Annex  II  for  further  discussion  and  solution  of  a typical  directional  antenna  
case.

10/The  Commission  will  not  authorize  a directive  antenna  for  a Class  IV  station  assign 
ed a local  channel.

I  --------
II  and  III
IV -------

In  case  a directional  antenna  is  employed,  the  interfering  signal  of  a broadcasting  
station  will  vary  in  different  directions,  being  greater  than  the  above  values  in  cer 
tain  directions  and  less  in  others,  depending  upon  the  design  and  adjustment  of  the  
directional  antenna  system.  To determine  the  interference  in  any  direction  the  measured  
or  calculated  radiated  field  (unabosrbed  field  intensity  at  1 mile  from  the  array)  must  
be used  in  conjunction  with  the  appropriate  propagation  curves.  9/  (FCC5^- 332,  Eff.  4-  

19-5^)-

The distance  to  any  specified  ground-wave  field  intensity  contour  for  any  fre 
quency  may be determined  from  the  appropriate  curves  in  Appendix  I  entitled  
"Sound  Wave Field  Intensity  vs.  Distance."

225  mv/m
175  mv/m
150  mv/m

For  the  purpose  of  estimating  the  coverage  and  the  interfering  effects  of  stations  
in  the  absence  of  field  intensity  measurements,  use  shall  be made of  Figure  8 which  
describes  the  estimated  effective  field  for  one  kilowatt  power  input  of  simple  ver-  
ticle  omnidirectional  antennas  of various  heights  with  ground  systems  of  at  least  
120  one  quarter  wave-lenght  radials.  Certain  approximations,  based  on the  curve  
or  other  appropriate  theory,  may be  made when other  than  such  antennas  and  ground  
systems  are  employed,  but  in  any  event  the  effective  field  to  be employed  shall  not  
be less  than  given  in  the  following:  (18FR7357,  Eff.  12-20-53)

TABLE III

The existence  or  absence  of  objectionable  groundwave  interference  from  stations  on 
the  same or  adjacent  channels  shall  be determined  by  actual  measurements  made accord 
ing  to  the  method  hereinafter  described,  or,  in  the  absence  of  such  measurements,  by  
reference  to the  propagation  curves  of  Appendix  I.  The existence  or  absence  of  ob
jectionable  interference  due  to  skywave  propagation  shall  be determined  by  reference  
to  the  approprate  propagation  curves  in  Figure  1 or  Figure  1-A.  (FCC 5^-332,  Eff.  4-  
19-5M

In  computing  the  fifty  (50)  percent  skywave  field  intensity  values  and  the  ten  
(10)  percent  skywave  field  intensity  values  of  a station  on a clear  channel,  use  shall  
be made of the  appropriate  graph  set  forth  in  Figure!  entitled  "Average  Skywave  Field  
Intensity"  (corresponding  to  the  second  hour  after  sunset  at  the  recording  station).  
These  graphs  are  drawn  for  a  radiated  field  of  100  mv/m at  1 mile  in the  horizontal  
plane  from  a  0.311  wavelength  antenna.  In  computing  the  ten  (10  percent  skywave  field  
intensity  of  a  regional  channel  station,  use  shall  be made of  the  appropriate  curve  in  
Figure  1-A  entitled  "10  percent  Skywave  Signal  Range."  This  graph  is  drawn  for  a 
radiated  field  of  100  mv/m at  1 mile  at  the  vertical  angle  pertinent  to  transmission  
by  one  reflection.  This  curve  supersedes  the  ten  (10)  percent  skywave  curve  of  Figure  
1,  only  for  regional  and  local  channels  at  the  present  time.  —/  Adoption  of  revised  

skywave  curves  for  use  on  clear  channels  will  await  the  outcome  of  the  Clear  Channel  
Hearing  (Docket  No.  67 1!-!).  FCC54-332,  Eff.  4-19-54).



Permissible power

Night Day 3 Night <

Clear. 50 kw Not duplicated....la. 5 uv/m

Clear.Ib 10 kw. to 50 kw 5 uv/m

0.25 kw. to 50 kw_.zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAII Clear. 25 uv/m..

m-A Regional.. 1 kw. to 5"kw 500 uv/m 25 uv/m.. 125 uv/m

m-B Regional.. 500 uv/m. 25uv/m_

TV. Local ... 500 uv/m. 25uv/m_

(9)
3-20-54utsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA

mini

Ta b l e  IV.—QPONMLKJIHGFEDCBAProtected service contours and perm issible interference signals for 
broadcast stations

200 uv/m

not
prescribed 6/

Class of 
station

Class of 
channel 

used

0.5 to 1 kw. night 
and 5 kw. day.

0. Ikw. to 0.25kw ..

SC 100 uv/m...
AC 500 uv/m...
SC 100 uv/m...
AC 500 uv/m... 
500 uv/m.........

Signal intensity contour of area pro
tected from objectionable inter
ference 1

Permissible interfering 
signal on same chan
nel 2

Not dupli
cated.

25 uv/m

Day3

. 500 uv/m_______
(50% sky wave).

. 2500 uv/m4 (ground 
wave).

. 2500 uv/m (ground 
wave).

. 4000 uv/m (ground 
wave).

.not

125 uv/m 5

1 When it is shown that primary service is rendered by any of the above classes of stations, beyond the 
normally protected contour, and when primary service to approximately 90 percent of the population (popu- 

jvhich such station actually serves, is not supplied by any other station or stations, the contour to which 
protection may be afforded in such cases will be determined from the individual merits of the case under 
consideration. When a station is already limited by interference from other stations to a contour of higher 
value than that normally protected for its class, this contour shall be the established standard for such station, 
with respect to interference from all other stations.

2 For adjacent channels see Table V.
3 Ground wave.
* Sky wave field intensity for 10 percent or more of the time.
3 These values are with respect to interference from all stations except Class Ib, which stations may cause 

interference to a field intensity contour of higher value. However, it is recommended that Class II stations 
be so located that the interference received from Class Ib stations will not exceed these values. If the Class II 
stations are limited by Class Ib stations to higher values, then such values shall be the established standard 
With respect to protection from all other stations.tsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
6/  See Class  IV Stations  operation  page  2.  (18FR255>  Eff .  1-13-53)

SC=Same channel.
AC=Adjacent channel.

11/  The Conrni i  ssion  will  not  authorize  a directional  antenna  for  a Class  IV  Stations  
assigned  to  a local  channel.  (Amend.  321,  Eff .  2-10-4?)



(Amend. 321 Eff. 2-10-1+7)

T?ABLE V — INTERFERENCE RATIOStsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA

* See Footnote  3,  Page 1.

6-11-55 (10)

operating  on  channels  
or

Desired  50$  Skywave  
to  Undesired  10$  
Skywave

0 kc
10  kc
20 kc

20:1
1:1
1:30

20:1
*

20:1
1:5

Frquency  Separation  
of  Desired  to  Un-  
Desired  Signals

12/  NOTE: Two stations  are  considered  to  be operated  synchronously  when the  carriers  
are  maintained  within  one-fifth  of  a cycle  per  second  of  each  other  and  
they  transmit  identical  programs.  (Amend.  321 Eff.  2-10-1+7)

Two stations  operating  with  synchronized  carriers  •'■2/  and  carrying  the  identical  
program  will  have  their  groundwave  service  subject  to  some distortion  in  areas  where  
the  signals  from  the  two  stations  are  of  comparable  intensity.  For  the  purpose  of  
estimating  coverage  of  such  stations  areas  in  which  the  signal  ratio  is  between  1  
to  2 and  2 to  1 will  not  be considered  as  having  satisfactory  service.  (Amend.  321  
Effective  2-10-14-7)

The following  table  is  to  be  used  for  determining  the  minimum  ratio  of  the  field  
intensity  of  a desired  to  an  undesired  signal  for  interference  free  service.  In  the  
case  of  a desired  ground  wave signal  interfered  with  by  two or  more  sky  wave signals  
on  the  same frequency,  the  RSS value  of  the  latter  is  used.

Desired  Groundwave  to — 
Undesired  Undesired
Groundwave  10$  Skywave

Two stations QPONMLKJIHGFEDCBA, one  with  a  frequency  twice  that  of the  other,  should  not  be assigned  
in  the  same groundwave  service  area  unless  special  precautions  are  taken  to  avoid  
interference  from  the  second  harmonic  of  the  lower  frequency.  In  selecting  a  fre 
quency,  consideration  should  be given  to  the  fact  that  occasionally  the  frequency  
assignment  of  two  stations  in  the  same area  may bear  such  a relation  to  the  inter 
mediate  frequency  of  some broadcast  receivers  as  to  cause  so-called  "image"  inter 
ference.  However,  since  this  can  usaully  be rectified  by  readjustment  of  the  inter 
mediate  frequency  of  such  receivers,  the  Commission  in  general  will  not  take  this  
kind  of  interference  into  consideration  in  allocation  problems.  (Amend.  321,  Effect.  
2-10-U7).

From the  above,  it  is  apparent  that  in  many cases  stations
10 and  20  kilocycles  apart  may be operated  with  antenna  systems  side  by  side  
otherwise  in  proximity  without  any  indications  of  interference  if the  interference  
is  defined  only  in  terms  of  permissible  ratios  hereinbefore  listed  in  Table  V head 
ed Interference  Ratios.  As a pracrical  matter,  serious  interference  problems  may 
arise  when two  or  more  stations  with  the  same general  service  area  are  operated  on 
channels  10,  20,  and  30  kilocycles  apart.  (Amend  335,  Effect.  7-17-^+7)
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An example  of  determining  interference  by  the  curves  in  Appendix  1 follows;D.
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It  is  desired  to  find  whether  objectionable  interference  exists  between  a  
5 kw Class  III  station  on  990  kc  and  a 1 kw Class  III  station  on 1000  kc  
being  separated  by  130  miles;  both  stations  use  nondirectional  antennas  ;  
such  height  as  to  produce  an  effective  field  for  1 kw  of  175  mv/m.

First,  establish  the  outer  boundary  of  the  protected  service  area  of  the  de
sired  station  in  the  direction  of  the  station  that  may cause  interference  to  it.

B.  In  dotermining  interference  based  upon  field  intensity  measurements,  it  is  
necessary  to  do the  following:

Second,  at  this  boundary,  measure  the  interfering  signal  from  the  undesired  
station.  The ratio  of  the  desired  to the  undesired  signal  given  in  Table  V should  
be applied  to  the  measured  signals  and  if  the  required  ratio  is  observed,  no ob
jectionable  interference  is  foreseen.  When measurements  of  both  the  desired  and  
nndewi  red  stations  are  made in one  area  to  determine  the  point  where  objectionable  
interference  from  groundwave  signals  occur  or  to  establish  other  pertinent  contours,  
several  measurements  of  each  station  shall  be  made within  a few  miles  of this  point  
or  contour.  The effective  field  of  the  antennas  in  the  pertinent  directions  of the  
stations  must  be established  and  all  measurements  must  be made in  accordance  with  
Section  2 (Field  Intensity  Measurements  in  Allocation) .

13/  Figure  M3 which  is  incorporated  in  these  Standards  by  reference,  was dervied  by  
indicating  ground  conductivity  values  in  the  United  States  on  the  United  States  Albers  
equal  area  projection  map (based  on  standard  parallels  29§°  and  k5i° ;  North  American  
datum;  scale  1/2,5'00,000).  Figure  M3,  consisting  of  two  sections,  an eastern  and  a 
western  half,  may be obtained  from  the  Superintendent  of  Documents,  Washington  D.  C.  
lk/  See Annex  II  in  case  of  use  of  directional  antennas.

GBOUNDWAVE SIGNALS

(19FR12k9-  Eff.  4-5-5M
A.  Interference  that  may be caused  by  a proposed  assignment  or  an existing  as 

signment  duri ng day  ti-me  should  be determined,  when possible,  by  measurements  on 
the  frequency  involved  or  on  another  frequency  over  the  same terrain  and  by  means 
of  the  curves  in  Appendix  I  entitled  "Ground  Wave Field  Intensity  versus  Distance.'

:,  the  stations  
il/  having

  . • The conduct 
ivity  at  each  station  and  of  the  intervening  terrain  is  determined  as  6mmhos/m.

C« In  all  cases  where  measurements  taken  in  accordance  with  the  requirements  
are  not  available,  the  groundwave  intensity  must  be determined  by  means of the  
pertinent  map of  ground  .conductivity  and the  groundwave  curves  of  field  intensity  
versus  distance . The conductivity  of  a given  terrain  may be determined  by  measure 
ments  of  any  broadcast  signal  traversing  the  terrain  involved.  Figures  M3 and  
B3 show the  conductivity  throughout  the  United  States  by  general  areas  of  reason 
ably  uniform  conductivity.  When it  is  clear  that  only  one  conductivity  value  is  
involved,  Figure  B3,  which  is  a replica  of  Figure  M3 and  contained  in  these  Stand 
ards,  may be used;  in  all  other  situations  Figure  M3 must  be employed.  It  is  re 
cognized  that  in  areas  of  limited  size  or  over  a particular  path,  the  conductivity  
may vary  widely  from  the  values  given;  therefore,  these  maps are  to  be used  only  
when accurate  and  acceptable  measurements  have  not  been  made.  Figure  k is  a map 
of  ground  conductivity  in  Canada  prepared  by  the  Canadian  Department  of  Transport.  
It  is  to  be  noted  that  at  some locations  there  are  differences  in  conductivity  on 
either  side  of  the  border,  which  cannot  be explained  by  geophysical  cleavages .  
Pending  adjustment  of  the  maps for  such  inconsistencies,  all  variations  at  the  
border  will  be treated  as  real.



The method  to  he employed  for  such  determinations

An example  of  the  use  of  the  equivalent  distance  method  follows:F.

(12)

mv/m con-It  is  desired  to determine  the  distance  to  the  0»5  mv/m and  0.025  
tours  of  a station  on  a frequency  of the  1000  kc  with  an inverse  distance  field  of  
100  mv/m at  one  mile  being  radiated  over  a  path  having  a conductivity  of  10 mmhos/m

E.  Where a signal  traverses  a path  over  which  different  conductivities  exist,  the  
distance  to  a particular  groundwave  field  intensity  contour  shall  be determined  by  the  
use  of  the  equivalent  distance  method.  Reasonably  accurate  results  may be expected  in  
determining  field  intensities  at  a distance  from,  the  antenna  by  application  of  the  
equivalent  distance  method  when the  unattenuated  field  of  the  antenna,  the  various  
ground  conductivities  and  the  location  of  discontinuities  are  known.  This  method  con 
siders  a wave to  be propagated  across  a given  conductivity  according  to  the  curve  for  
a homogeneous  earth  of  that  conductivity.  When the wave crosses  from  a region  of  one  
conductivity  into  a region  of  a second  conductivity,  the  equivalent  distance  of  the  
receiving  point  from  the  transmitter  changes  abruptly  but  the  field  intensity  does  
not.  From a point  just  inside  the  second  region  the  transmitter  appears  to  be at  
that  distance  where,  on the  curve  for  a homogeneous  earth  of the  second  conductivity,  
the  field  intensity  equals  the  value  that  occurred  just  across  the  boundary  in  the  
first  region.  Thus  the  equivalent  distance  from  the  receiving  point  to the  trans 

mitter  may be  either  greater  or  less  than  the  actual  distance.  An imaginary  trans 
mitter  is  considered  to  exist  at  that  equivalent  distance.  This  technique  is  not  
intended  to  be used  as  a means of  evaluating  unattenuated  field  or  gournd  conductivity  
by  the  analysis  of  measured  data,  
is  set  out  in  section  2 of  these  Standards.

The protection  to  Class  III  stations  during  daytime  is  to  the  500  uv/m  contour.  The 
distance  to  the  500  uv/m  groundwave  contour  of  the  1 kw station  is  determined  by  the  
use  of the  appropriate  curve  in  Appendix  1-Graph  12.  Since  the  curve  is  plotted  for  
100  mv/m at  a mile,  to  find  the  distance  to  the  500  uv/m  contour  of  the  1 kw station,  
it  is  necessary  to  determine  the  distance  to  the  285  uv/m  contourf 100x500  = 285).

From the  appropriate  curve,  the  estimated  radius  of the  service  area  for  the  desired  
station  is  found  to  be 39-5  miles.  Subtracting  this  distance  from  the  distance  be
tween  the  two  stations,  leaves  90-5  miles  for  the  interfering  signal  to travel.  From 
the  above  curve  it  is  found  that  the  signal  from  the  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA5 kw station  at  this  distance  
would  be 158  uv/m.  Since  a one  to  one  ratio  applies  for  stations  separated  by  10 kc,  
the  iinden-j  red  signal  at  that  point  pan  have  a value  up to  500  uv/m  without  objection 
able  interference.  If  the  undesired  signal  had  been  found  to  be greater  than  500  uv/m,  
then  objectionable  interference  would  exist.  For  other  channel  separations,  the  ap
propriate  ratio,  of  desired  to  undesired  signal  should  be used.

for  a distance  of  15  miles,  5 mmhos /m  for  the  next  20 miles  and  15 mmhos/m there  
after.  By the  use  of  the  appropriate  curves  in  Appendix  1-  Graph  12,  it  is  seen  
that  ata  distance  of  15  miles  on the  curve  for  lOmmhos/m the  field  is  3-^5  mv/m.  The 
equivalent  distance  to  this  field  intensity  for  a conductivity  of  5mmhos/m is  11 miles.  
Continuing  on  the  propagation  curve  for  the  second  conductivity,  the  0-5  mv/m con 
tour  is  encountered  at  a distance  of  27-9  miles  from  the  imaginary  transmitter.  Since  
the  imaginary  transmitter  was 4 miles  nearer  (15-llmiles)  to  the  0.5 mv/m contour,  
the  distance  from  the  contour  to  the  actual  transmitter  is  31-9  miles  (27.9 + k  miles).  
The distance  to  the  0.025  mv/m contour  is  determined  by  continuing  on  the  propagation  
curve  for  the  second  conductivity  to  a distance  of  31 miles  (11  + 20 miles),  at which  
point  the  field  is  read  to  be 0-39  mv/m.  At  this  point  the  conductivity  changes  to  
15 mmhos/m and  from  the  curve  relating  to  that  conductivity,  the  equivalent  distance  
is  determ in ed  to  be 58 miles —27miles  more  distant  than  would  obtain  had  a  conduct 
ivity  of  5 mmhos/m prevailed.  Using  the  curve  representing  the  conductivity  of  15  
mmhos/m the  0.025  mv/m contour  is  determined  to  be at  an  equivalent  distance  of  172  
miles.  Since  the  imaginary  transmitter  was considered  to  be 4 miles  closer  at  the  
first  boundary  and  27 miles  farther  at  the  second  boundary,  the  net  effect  is  to  con 
sider  the  imaginary  transmitter  23  miles  (27 —Wiles)  more  distant  than  the  actual  
transmitter;  thus  the  actual  distance  to  the  0.025  mv/m contour  is  determined  to  be 
149  miles  (172-  23  miles).
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COMPUTATION ON INTERFERING SIGNAL FROM A DIRECTIONAL ANTENNA
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For  signals  from  stations  operating  on clear  channels,  in  case  of  dertermining  sky  
wave interference  from  an antenna  with,  a vertical  pattern  different  from  that  on 
which  Figure  1 is  predicated,  it  is  necessary  to  compare  the  appropriate  vectors  in  
the  vertical  plane.  (Amend.  321,  Effect.  2-10-47)

In case  of  an  antenna  directional  in  the  horizontal  plane,  the  ground  wave inter 
ference  can  be readily  computed  from  the  calculated  horizontal  pattern  by  dertermin 
ing  the  vectors  toward  the  service  area  of  the  station  to  be protected  and  apply  
these  values  to  the  ground  wave curves  set  out  in  Annex  I.

For  signals  from  station  on regional  and  local  channels,  in  computing  the  10$  ,
sky  wave (interference)  field  intensity  values  of  Class  III  and  Class  IV  stationall/  

Figure  1-A  is  to  be  used  in  place  of  Figure  ,.!.  Since  Figure  1-A  is  predicated  upon  
a radiated  field  of  100  mv/m at  one  mile  in the  pertinent  direction,  no comparison  
with  the  vertical  pattern  of  a 0.311  wavelength  antenna  is  to  be made.  Instead  the  
appropriate  radiated  field  in  the  vertical  plane  corresponding  to  the  distance  to  
the  receiving  station,  divided  by  100,  is  multiplied  into  the  value  of  10$  skywave  
field  intensity  determined  from  Figure  1-A.  There  are  two  new factors  to  be con 
sidered,  however,  namely  the  variation  of  received  field  with  latitude  of  the  path  
and  the  variation  of  pertinent  vertical  angle  due  to  variations  of  ionosphere  height  
and  ionosphere  scattering.  (Amend.  321.  Effect.  2-10-4?)

17/  Certain  simplifying  assumptions  may"  be made in the  case  of  Jlass  IV  stations  
on  local  channels:  See Footnote  3a - (Amend.  321,  Eff.  2-10-4?)

The sky  wave curves  entitled  "Average  Sky  Wave Field  Intensity"  (corresponding  to  
the  second  hour  after  sunset  at  the  recording  station)  as  shown  in  Figure  1 are  
based  on  antenna  systems  haying  height  of  0.3II  wave length  (112°)  and  producing  
a vertical  pattern  as  shown  in  Figure  5-  A nondirectional  antenna  system,  as  well  
as  a directional  antenna  system  having  vertical  patterns  other  than  essentially  the  
same as  shown,  must  be converted  to  the  pattern  of  a 0.3II  wave length  antenna  hav 
ing  the  same field  intensity  at  the  critical  angle  as  does  the  pattern  of  the  an
tenna  involved . Example :

Figure  6 is  a graph  entitled  "Variation  with  Distance  of Two Important  Parameters  
in the  Theory  of  Sky  Wave Propagation."  The curve  for  0 showing  the  angle  above  the  
horizon  at  which  radiation  occurs  plotted  against  distance,  must  be used  for  this  
purpose.  For  instance,  assuming  the  station  with  which  interference  may be expect 
ed is  located  at  a distance  of 450  miles  from  a proposed  station,  the  critical  angle  
of  radiation  as  determined  from  this  curve  is  approximately  15°.  Therefore,  if  the  

vertical  pattern  of  the  proposed  station  in  the  direction  of  the  other  station  is  
such  that  at  15 above  the  horizon  the  radiation  is  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA1.3 times  that  from  an antenna  
having  a vertical  pattern  as  shown  in  Figure  5 and  producing  the  same field  in 
tensity  at  1 mile  in the  horizontal  plane,  the  interfering  signal  would  be 1-3  times  
that  determined  From  Figure  1 for  an  antenna  having  the  same field  intensity  in  the  
horizontal  plane.  That  is,  if  the  field  intensity  in the  horizontal  plane  of  the  
proposed  station  is  124  mv/m the  interfering  field  intensity  exceeded  10 percent  
of  the  time  at  the  other  station  would  be  _n 124  /

140  x  1.30  x or  225  uv/m  
and  would  cause  interference  to  the  4.5  mv/m ground  wave contour  of  the  existing  
station.
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For  example,  suppose  it  is  desired  to  determine  the  amount  of  interference  to  a 
Class  III  station  at  Portland,  Oregon,  caused  by  another  Class  III  station  at  Los  
Angeles,  California,  which  is  radiating  a signal  of  560  mv/m unattenuated  at  one  
mile  in  the  great  circle  direction  of  Portland,  using  a  0.5 wavelength  antenna.  
The distance  is  825 miles.  From  Figure  6-A  the  upper  and  lower  pertinent  angles  are  
7°  and  3.5°  and,  from  figure  5 the  maximum radiation  within  these  angles  is  99% of  
the  ’ horizontal  radiation  or  554  mv/m at  1 mile.  The latitude  of  the  path  is  39.8°  
N and  from  Figure  1-A,  the  10% sky  wave field  at  825  miles  is  0.050  mv/m for  100  
mv/m radiated.  Multiplying  by  554/100  to  adjust  the  value  to  the  actual  radiation  
gives  0.277  mv/m.  At  20 to  1 ratio  the  limitation  to  the  Portland  station  is  to  
the  5.5  mv/m contour.

Figure  1-A,  "10% Skywave  Signal  Range Chart",  shows  the  10% sky  wave signal  as  a 
function  of  the  latitude  of  the  transmission  path  and the  distance  from  a transmit 
ting  antenna  with  a radiated  field  of  100  mv/m at  the  pertinent  angle  for  the  dis 
tance.  The latitude  of  the  transmission  path  is  defined  as  the  geographic  lati 
tude  of  the midpoint  between  the  transmitter  and  the  receiver.  Latitude  35°  should  
be used  in  case  the  midpoint  of  the  path  lies  below  35° North  and  latitude  50°  
should  be used  in  case  the  midpoint  of  the  path  lies  above  50°  North.  
Effective  2-10-47)

(Amend.  321,

In the  case  of  non-directional  vertical  antennas,  the  vertical  distribution  of  
relative  fields  for  several  heights,  assuming  sinusoidal  distribution  of  current  
along  the  antenna,  is  shown  in  Figure  5.  In  the  case  of  directional  antennas  
the  vertical  pattern  in  the  great  circle  direction  toward  the  point  of  reception  
in  question  must  first  be calculated.  Then  for  the  distance  to  the  points,  the  

' upper  and lower  pertinent  angles  are  determined  from  Figure  6-A.  The ratio  of  
the  largest  value  of  radiated  field  occurring  between  these  angles,  to  100  mv/m 
(for  which  Figure  1-A  is  drawn)  is  then  used  as  the  multiplying  factor  for  the  val 
ue of  the  field  read from  the  curves  of  Figure  1-A.  Note  that  while  the  accuracy  
of  the  curves  is  not  as  well  established  by  measurements  for  distances  less  than  
250  miles  as  for  distances  in  excess  of  250  miles,  the  curves  represent  the  most  
accurate  data  available  today.  Pending  accumulation  of  additional  data  to  es 
tablish  firm  standards  for  sky  wave calculations  in  this  range,  the  curves  may be 
used.  In  cases  where  the  radiation  in  the  vertical  plane,  in  the  pertinent  azi 
muth,  contains  a large  lobe  at  a higher  angle  than  the  pertinent  angle  for  one  
reflection,  the  method  of  calculating  Interference  will  not  be restricted  to  that  
described  above,  but  each  such  case  will  be considered  on  the  basis  of  the  best  
knowledge  available.  (Amend.  321,  Effective  2-10-47)

Figure  6-A,  entitled  "Angles  of  Departure  vs.  Transmission  Range",  is  to  be used  
in  determining  the  angles  in  the  vertical  pattern  of  the  antenna  of  an interfering  
station  to  be considered  as  pertinent  to  transmission  by  one  reflection.  .Correspond 
ing  to  any  given  distance,  the  curves  4 and  5 indicate  the  upper  and  lower  angles  
within  which  the  radiated  field  is  to  be considered.  The maximum value  of  field  
intensity  occurring  between  these  angles  will  be used  to  determine  the  multiplying  
factor  for  the  10% skywave  field  intensity  determined  from  Figure  1-A.  (Curves  
2 and  3 are  considered  to  represent  the  variation  due  to  the  variation  of  the  ef 
fective  height  of  the  E-layer  while  Curves  4 and  5 extend  the  range  of  pertinent  
angles  to  include  a factor  which  allows  for  scattering.  The dotted  lines  are  in 
cluded  for  information  only.)  (Amend.  321,  Effective  2-10-47)
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at  1 mile
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(2)  Using  semi-log  coordinate  paper,  plot  field  intensity  times  distance  as  or 
dinate  on  the  log  scale  and  distance  as  abscissa  on the  linear  scale.

(1)  Using log-log.-coordinate  paper,  plot  field  intensities  as  ordinate  and  dis 
tance  as  abscissa.

These  data  should  be  plotted  for  each  radial  in  accordance  with  either  of  the  
two  methods  set  forth  below:

2.  FTETD INTENSITY  MEASUREMENTS IN  ALLOCATION
A.  FIELD  INTENSITY  MEASUREMENTS TO ESTABLISH EFFECTIVE FIELD  

INTENSITY  AT 1 MILE

INTERFERENCE FROM SKY WAVE SIGNALS 
(Deleted  FCC51i -332,  Eff .  4-19-54)

When the  distance  is  large,  more  than  one  reflection  may be involved  and  due  con 
sideration  must  be  given  each  appropriate  vector  in  the  vertical  pattern,  as  well  
as  the  constants  of  the  earth  where  reflection  takes  place  between  the  transmitting  
station  and  the  service  area  to  which  interference  may be caused.

Section  3-45  provides  that  certain  min i mum field  intensities  are  acceptable  in  
lieu  of  the  required  minimum  physical  vertical  heights  of  the  antennas  proper,  
so  in  other  allocation  problems,  it  is  necessary  to  determine  the  effective  field  

The following  requirements  shall  govern  the  taking  and  submission  of  
data  on  the  field  intensity  produced:

However,  regardless  of  which  of these  methods  is  employed,  the  proper  curve  to  
be drawn  through  the  points  plotted  shall be determined  by  comparison  with  the  
curves  in  Appendix  I  as  follows : Place  the  sheet  on  which  the  actual  points  have  

18/  It  is  suggested  that  ''wave  tilt"  measurements  may be made to  determine  and  com
pare  locations  for  taking field  intensity  measurements,  particularly  to determine  
that  there  are  no abrupt  changes  in  ground  conductivity  or  that  reflected  waves  
are  not  causing  abnormal  intensities.

Beginning  as  near  to  the  antenna  as  possible  without  including  the  induction  field  
and  to  provide  for  the  the  fact  that  a broadcast  antenna  not  being  a point  source  of  
radiation  (not  less  than  one  wave length  or  5 times  the  vertical  height  in  the  case  
of  a single  element,  i.  e.,  nondirectional  antenna  or  10 times  the  spacing  between  
the  elements  of  a directional  antenna),  measurements  shall  be made on eight  or  more  
radials,  at  intervals  of  approximately  one-tenth  mile  up to  2 miles  from  the  antenna,  
at  intervals  of  approximately  one-half  mile  from  2 miles  to  6 miles  from  the  antenna,  
at  intervals  of  approximately  2 miles  from  6 miles  to  15 or  20 miles  from  the  an
tenna,  and  a few  additional  measurements  if  needed  at  greater  distances  from  the  an
tenna.  Where the  antenna  is  rurally  located  and  unobstructed  measurements  can  be 
made,  there  shall  be as  many as  18 or  20  measurements  on each  radial.  However,  
where  the  antenna  is  located  in  a city  where  unobstructed  measurements  are  difficult  
to  make,  measurements  shall  be  made on  each  radial  at  as  many unobstructed  locations  
as  possible,  even  though  the  intervals  are  considerably  less  than  stated  above,  
particularly  within  2 miles  of  the  antenna.  In  cases  where  it  is  not  possible  to  
obtain  accurate  measurements  at  the  closer  distances  (even  out  to J  or  6 miles  due  
to  the  character  of  the  intervening  terrain) ,  the  measurements  at  greater  distances  
should  be  made at  closer  intervals.  —QPONMLKJIHGFEDCBA>



(See  section  3-1M

(17)6-11-55

While  making the  field  intensity  survey,  the  output  power  of  the  station  shall  
be  maintained  at  the  licensed  power  as  determined  by  the  direct  method.  To do 
this  it  is  necessary  to  determine  accurately  the  total  antenna  resistance  (the  
resistance  variation  method,  the  substitution  method  or  bridge  method  is  acceptable)  
and  to  measure  the  antenna  current  by  means of  an  ammeter  of  acceptable  accuracy.  19/

been  plotted  over  the  appropriate  Graph  in  Appendix  I,  hold  to  the  light  if necessary  
and  adjust  until  the  curve  most  closely  matching  the  points  in found.  This  curve  
should  then  be drawn  on the  sheet  on  which  the  points  were  plotted,  together  with  the  
inverse  distance  curve  corresponding  to  that  curve.  The field  at  1 mile  for  the  radial  
concerned  shall  be the  ordinate  on  the  inverse  distance  curve  at  1 mile.  (18FB2U75,  
Eff.  U-20-53).

When all  radials  have  been  analyzed  in this  manner,  a curve  shall  be plotted  on 
ploar  coordinate  paper  from  the  fields  obtained,  which  gives  the  inverse  distance  
field  pattern  at  1 mile.  The radius  of  a  circle,  the  area  of  which  is  equal  to  
the  area  bounded  by  this  pattern,  is  the  effective  field.  
(ECC 5^-332)

19/  See § 3-^  and - "indicating  instruments  pursuant  to  § 3.58. 11 
(20ER  368O,  Eff.  6-30-55)



re-

(3)  Description,  of  method  used,  to  take  field,  intensity  measurements.

(7)  Antenna  current  or  currents  maintained,  during  field  intensity  measurements.

(8)  Description,  accuracy,  date,  and hy  whom each  instrument  was last  calibrated.

(9)  Name, address,  and  qualifications  of  the  engineer  making  the  measurements.

(10)  Any other  pertinent  information.

C.

A.  The four  primary  objectives  to  be obtained  in the  selection  of  a site  for  a

6-11-55 (18-22)

Complete  data  taken  in  conjunction  with  the  field  intensity  measurements  shall  
be submitted  to  the  Commission  in  affidavit  form  including  the  following:

a.  Antenna  resistance  at  operating  frequency.
b.  Description  of  method  employed.
c.  Tabulation  of  complete  data.
d.  Curve  showing  antenna  resistance  versus  frequency.

MEASUREMENT OF THE FIELD  INTENSITY  OF BROADCAST STATIONS FOR 
PRESENTATION IN  SUPPORT OF APPLICATIONS OR EVIDENCE AT HEAR
INGS BEFORE THE COMMISSION

(Deleted  2OFR368O, Eff.  6-3O-55)

3-  DATA REQUIRED WITH APPLICATIONS INVOLVING DIRECTIONAL 
ANTENNA SYSTEMS

(Deleted  2OFR368O, Eff.  6-30-55)

U.  LOCATIONS OF TRANSMITTERS OF STANDARD BROADCAST 
STATIONS

(  18FR8137,  Eff. Lll-5^)

(1)  Tabulation  by  number  of  each  point  of  measurement  to  agree  with  the map re 
quired  in  (2)  below  and  the  field  intensity  meter  reading,  the  attenuation constant,  
the  field  intensity  (E),  the  distance  from  the  antenna  ( d )  and  the  product  of  the  
field  intensity  and  distance  (ED)  (if  data  for  each  radial  are  plotted  on semi-log 
arithmic  paper,  see  above)  for  each  point  of  measurement.

(2)  Map showing  each  point  of  measurement  numbered  to  agree  with  tabulation  
quired  above.

Eff  6-3Q-55)X-  ..  -.  -

(6)  Antennd  resistance  measurement:

(if-)  The family  of  theoretical  curves  used  in determining  the  curve  for  each  radial  
properly  indentified  by  conductivity  and  dielectric  constants. zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA

'■(■5) The curves  drawn  for  each  radial  and  the  field  intensity  pattern  ,{20  FR 3680
Eff  6-30-55)  • -

B.  FIELD  INTENSITY  MEASUREMENTS TO ESTABLISH PERFORMANCE OF 
DIRECTIONAL ANTENNAS 

(Deleted  2OFR368O, Eff.  6-3O-55)



transmitter  of  a broadcast  station  are  as  follows:

(2)  To cause  and  experience  minimum  interference  to and  from  other  stations.

(4)  To fulfill  certain  other  requirements  given  below.

B.  The site  selected  should  meet  the  following  conditions:

(23)6-11-55

(2)  A minimum  field  intensity  of  5 to  10 
distant  residential  section.

(4)  The population  within  the  blanket  contour  does  not  exceed  that  specified  by  
§ 3-2U  (g).

mv/m will  be obtained  over  the busi-(1)  A minimum  field  intensity  of  25 to  50 
ness  or  factory  areas  of  the  City.

(1)  To serve  adequately  the  center  of population  in  which  the  studio  is  located  
and  to  give  maximum coverage  to  adjacent  areas .

mv/m will  be obtained  over  the  most

(3)  The absorption  of  the  signal  is  the  mi nmum for  any  obtainable  sites  in  the  
area.  As a guide  in this  respect  the  absorption  of the  signals  from  other  stations  
in  that  area  should  be followed,  as  well  as  the  results  of  tests  on  other  sites. zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA

(3) To present  a minimum  hazard  to  air  navigation  consistent  with  objectives  1 
and  2.



If  a

(2U)

C.  In  selecting  a site  in  the  center  of  a.  city  it  is  usually  necessaiy  to  place  
the  radiating  system  on  the  top  of  a building.  This  building  should  be large  enough  
to  permit  the  installation  of  a.  satisfactory  ground  and/or  counterpoise  system.  
Great  care  must  be taken  to  avoid  selecting  a building  surrounded  by  taller  build 
ings  or  where  any  nearby  building  higher  than  the  antenna  is  located  in  the  direc 
tion  which  it  is  desired  to  serve.  Such  a  building  will  tend  to  cast  "radio  shadows"  
which  may materially  reduce  the  coverage  of  the  station  in  that  direction.  Irres 
pective  of  the  height  of  surrounding  buildings,  the  building  on  which  the  antenna  
is  located  should  not  have  height  of  approximately  one-quarter  wavelength.  A study  
of  antenna  systems  located  on  buildings  tends  to  indicate  that  where  the  building  
is  approximately  a  quarter  wavelength  in  height,  the  efficiency  of  radiation  may be 
materially  reduced.

D.  Particular  attention  must  be given  to  avoiding  cross-modulation.  In  this  con 
nection,  attention  is  invited  to  the  fact  that  it  has  been  found  very  unsatisfactory  
to  locate  broadcast  stations  so  that  high  signal  intensities  occur  in areas  with  
overhead  electric  power  or  telephone  distribution  systems  and  sections  where  the  
wiring  and  plumbing  are  old  or  improperly  installed.  These  areas  are  usually  found  
in  the  older  or  poorer  sections  of  a city.  These  conditions  give  rise  to  cross 
modulation  interference  due  to the  nonlinear  conductivity  characteristics  of  con 
tacts'  between  wiring,  plumbing,  or  other  conductors.  This  type  of  interference  
is  independent  of the  selectivity  characteristics  of  the  receiver  and  normally  can  
be eliminated  only  by  correction  of  the  condition  causing  the  interference.  Cross 
modulation  tends  to  increase  with  frequency  and  in  some  areas  it  has  been  found  
impossible  to  eliminate  all  sources  of  cross-modulation,  resulting  in  an unsatis 
factory  condition  for  both  licensee  and  listeners.  The Commission  will  not  autho 
rize,  (1)  new stations  (2)  increased  facilities  to  existing  stations,  or  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA(3) auxi 
liary  transmitters,  for  use  with  other  than  the  authorized  antenna  system  of  the  
main  transmitter,  located  in  such  areas  or  utilizing  roof-top  antennas,  when the  
operating  power  would  be in  excess  of  500  watts.

F.  If  a compromise  must  be  made between  probably  radio  shadows  from  intervening  
hills  and  locating  the  transmitter  on  top  of  a hill,  it  is  generally  better  to  com
promise  in  favor  of  the  low  area,  where  an efficient  radiating  system  may be installed  
which  will  more  than  compensate  for  losses  due  to  shadows  being  caused  by  the  hills,  
if  not  too  numerous  or  too  high.  Several  transmitters  have  been  located  on top  of  
hills,  but  so  far as  data  has  been  supplied,  not  a single  installation  has  given  
superior  efficiency  of  propagation  and  coverage.   QPONMLKJIHGFEDCBA
'2.'2s-l See Bureau  of  Census  series  P-D and  H-E available  from  Superintendent  of  Docu
ments,  Washington  25,  D.  C.  

(12-19-53)

E.  If  it  is  determined  that  a site  should  be selected  removed  from  the  city,  
there  are  several  general  conditions  to  be followed  in  determining  the  exact  site.  
Three  maps should  be given  consideration  if  available:

(1)  Map of  the  density  of  population  and  number  of  people  by  sections  in  the  
area.  22a /

(2)  Geographical  contour  map with  contour  intervals  of  20 to  50 feet.
(3) Map showing  the  type,  nature  and  depth  of  the  soil  in  the  area  with  special  

reference  to  the  condition  of  the  moisture  throughout  the  year - .

From these  maps a site  should  be selected  with  a minimum  number  of  intervening  
hills  between  it  and  the  center  of the  city.  In  general,  because  of  ground  con 
ditions,  it  is  better  to  select  a site  in  a low  area  rather  than  on top  of  a hill,  
and  the  only  condition  under  which  a site  on top  of  a hill  should  be selected  is  
that  it  is  only  possible  by  this  means to  avoid  a substantial  number  of  hills,  
between  the  site  and  the  center  of  a city  with  the  resulting  radio  shadows,  
site  is  to  be selected  to  serve  a city  which  is  on a general  sloping  area,  it  is  
generally  better  to  select  a site  below  the  city  than  above  the  city.



PROPOSED AMENDMENT

(File opposite page 25, AM Standards)

(12-19-53)tsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA

Figures  M3 and  R3 indicate  effective  conductivity  values  in  the  United  States  
and  are  to  he used  for  determining  the  extent  of  broadcast  station  coverage  when 
adequate  field  intensity  measurements  over  the  path  in  question  are  not  available.  
Since  the  values  specified  are  only  for  general  areas  and  since  conductivity  values  
over  particular  paths  may vary  widely  from  those  shown,  caution  must  be exercised  
in  using  the  maps for  selection  of  a satisfactory  transmitter  site.  Where the  
submission  of  field  intensity  measurements  is  deemed necessary  or  advisable,  the  
Commission,  in  its  discretion,  may require  an applicant  for  new or  changed  broad 
cast  facilities  to  submit  such  data  in  support  of  its  application.

It  is  proposed  to  amend Section  i  of  these  standards  by  deleting  Table  B and  
the  paragraph  which  begins  "Table  B indicates  the  values  of  inductivity  and  con 
ductivity  *  *  *  "  and  substitute  the  following:  (18ER473 2 )



Ta b l e  B

Type of terrain Conductivity

0.096 x 10->«13

4 x 10-k ,zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA0.0513

i This figure is stated for comparison purposes in order to indicate at a glance which values of conduc-

(25)

(12-19-53)

Induc
tivity

81
20

14
12

14
10

5
3

4.64 x 10-11 , 
3.x 10-13...

0.025 
0.024 
0. 011 
0.003

0.17
0.13

1.0
0.50

10~>3____
7.5 x 10-n.

2 x 10—14 
2 x 10-B. 
IO-14.... 
10-n„„

Absorp
tion fac
tor at 50 

miles, 
1000 kc.i

Sea water, minimum attenuation ________________
Pastoral, low  hills, rich  soil, typical of Dallas, Tex., Lincoln, Nebr., 

and Wolf Point, Mont., areas.
Pastoral, low hills, rich soil, typical of Ohio and Illinois________
Flat country, marshy, densely wooded, typical of Louisiana near

Mississippi River.
Pastoral, medium hills, and forestation, typical of Maryland, 

Pennsylvania, New York, exclusive of mountainous territory 
and sea coasts.

Pastoral, medium hills, and forestation, heavy clay soil, typical 
of central Virginia.

Rocky soil, steep hills, typical of New England............ ..............
Sandy, dry, flat, typical of coastal country -  
City, industrial areas, average attenuation...  
City, industrial areas, maximum attenuation..................... ................

tivity and inductivity represent the higher absorption. This figure is the ratio between field intensity 
obtained with the soil constants given and with no absorption.tsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA

J.  In  general,  broadcant,  transmitiers  operating  with  approximately  the  same 
power"  can  be grouped  in  the  same approximate  area  and  thereby  reduce  the  inter 
ference  between  them.  If  the  city  is  of  irregular  shape,  it  is  often  possible  to  
take  advantage  of  this  in  selecting  a suitable  location  that  will  give  a maximum 
coverage.  The maps giving  the  density  of  population  will  be a key  to  this.  The 
map giving  the  elevation  by  contours  will  be a key  to  the  obstructing  hills  between  
the  site  and  city.  The map of  the  soil  conditions  will  assist  in  determining  the  
efficiency  of  the  radiating  system  that  may be erected  and  the  absorption  of  the  
signal  encountered  in  the  surrounding  area.

I.  Table  B indicates  the  values  of  inductivity  and  conductivity  which  it  is  re 
commended be used  for  various  types  of  country  in  the  absence  of  surveys  over  the  
particular  area  involved.  Naturally,  values  obtained  from  the  use  of these  figures  
will  be only  approximate  and  should,  if  possible,  be replaced  by  actual  measurements  
in  the  area  under  consideration.

G.  The ideal  location  of  a broadcast  transmitter  is  in  a low  area  of  marshy  or  
"crawfishy"  soil  or  area  which  is  damp the  maximum percentage  of  time  and  from  
which  a clear  view  over  the  entire  center  of  population  may be had  and  the  tall  
buildings  in  the  business  section  of  theeity  Wild  cast  a shadow  across  the  minimum  
residential  area.

H.  The type  and  condition  of  the  soil  or  earth  immediately  around  a site  is  
very  important. . Important,  to  an  equal  extent,  is  the  soil  or  earth  between  the  
site  and  the  principal  area  to  be served.  Sandy  soil  is  considered  the  worst  type  
with  glacial  deposits  and  mineral-ore  areas  next.  Alluvial,  marshy  areas  and  salt 
water  bogs  have  been  found  to  have  the  least  absorption  of  the  signal.  One is  
fortunate  to  have  available  such  an  area  and,  if not  available,  the  next  best  con 
ditions  must  be selected.



poise .

When making  the  final

(26)(12-19-53)

The specifications  deemed,  necessary  to  meet  the  requirements  of  good  engineering  
practice  at  the  present  state  of  the  art  are  set  out  in  detail  below.

Section  3-^5  requires  that  all  applicants  for  new,  additional,  or  different  
broadcast  facilities  and  all  licensees  requesting  authority  to  move the  transmit 
ter  of  an  existing  station,  shall  specify  a radiating  system,  the  efficiency  of  
which  complies  with  the  requirements  of  good  engineering  practice  for  the  class  
and  power  of  the  station.

5.  MINIMUM ANTENNA HEIGHTS OR FIELD  INTENSITY
REQUIREMENTS

I.  In  finally  selecting  the  site,  consideration  must  be given  to  the  required  
space  for  erecting  an  efficient  radiating  system,  including  the  ground  or  counter-  

It  is  the  general  practice  to  use  direct  grounds  consisting  of  a  radial  
buried  wire  system.  If  the  area  is  such  that  it  is  not  possible  to  get  such  ground  
system  in  soil  that  remains  moist  throughout  the  year,  it  probably  will  be found  
better  to  erect  a counterpoise.  (Such  a site  should  be selected  only  as  a last  
resort).  It,  like  the  antenna  itself,  must  of  course  be designed  properly  for  
the  operating  frequency  and  other  local  conditions .

The licensee  of  a standard  broadcast  station  requesting  a change  in  power,  time  
of  operation,  frequency,  or  transmitter  location  must  also  request  authority  to  
install  a new antenna  system  or  to  make changes  in  the  existing  antenna  system ’  
which  will  meet  the  minimum  height  requirements,  or  submit  evidence  23/  that  the  
present  antenna  system  meets  the  minimum  requirements  with  respect  to  field  in 
tensity,  before  favorable  consideration  will  be given  thereto.  In  the  event  it  
is  proposed  to  make substantial  changes  in  an existing  antenna  system,  the  changes  
shall  be such  as  to  meet  the  minimum  height  requirements  or  will  be permitted  sub 
ject  to  the  submission  of field  intensity  measurements  showing  that  it  meets  the  
minimum  requirements  with  respect  to  effective  field  intensity.

23/  See Field  Intensity  Measurements  in  Broadcast  Allocation,  Section  A.

K.  Another  factor  to  be considered  is  the  relation  of  the  site  to  airports  and  
airways.  Procedures  and  standards  with  respect  to the  Commission's  consideration  
of  proposed  antenna  structures  which  will  serve  as  a guide  to  persons  intending  
to  apply  for  radio  stati  on  licenses  are  contained  in  Part  1? of  the  Commission  
rules  (Rules  Concerning  the  Construction,  Marking  and  Lighting  of  Antenna  Struc 
tures)  .

M. While  an  experienced  engineer  can  sometimes  select  a satisfactory  site  for  a  
100-watt  station  by  inspection,  it  is  necessary  for  a higher  power  station  to  make 
a field-intensity  survey  to  determine  that  the  site  selected  will  be entirely  satis 
factory.  There  are  several  facts  that  cannot  be determined  by  inspection  that  make 
a survey  very  desirable  for  all  locations  removed  from  the  city.  Often  two  or  more  
sites  may be selected  that  appear  to be of  equal  promise.  It  is  only  by  means of  
field-intensity  surveys  taken  with  a transmitter  at  the  different  sites  or  from  
measurements  on the  signal  of nearby  stations  traversing  the  terrain  involved  that  
the  most  desirable  site  can  be determined.  There  are many factors  regarding  site  
efficiency  that  cannot  be determined  by  any  other  method,  
selection  of  a site,  the  need  for  a field-intensity  survey  to  establish  the  exact  
conditions  cannot  be stressed  too  strongly.  The selection  of  a proper  site  for  a 
broadcast  station  is  an  important  engineering  problem  and  can  only  be done  properly  
by  experienced  radio  engineers .



This  field

Mo direc-

a

details  to  the  Commission  for  Approval.

In  case  a

(27-30)

(12-19-53)

To obtain  the  maximum efficiency  of  which  any  antenna  is  capable  a good  ground  
system  must  be employed  (a  counterpoise  may be substituted  under  certain  conditions).

It  should  be  borne  in  mind  that  the  above  specifications  are  the  minimum  and  
where  possible  better  antenna  and  ground  systems  should  be installed.

A.  Class  IV  stations,  150  feet  24.
150 mv/m for  1 kilowatt  (100  watts  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAUy.5

These  minimum  actual  physical  vertical  heights  of  antennas  permitted  to  be in 
stalled  are  shown  by  curves  A,  B,  and  C of  Figure  7 as  follows:

The heights  given  on  the  graph  for  the  antenna  apply  regardless  of  whether  the  
antenna  is  located  on  the  ground  or  on  a building.  Except  for  the  reduction  of  
shadows,  locating  the  antenna  on  a building  does  not  necessarily  increase  the  
efficiency  and  where  the  height  of  the building  is  in  the  order  of  a quarter  wave 
the  efficiency  may be materially  reduced.

In  case  it  is  contended  that  the  required  antenna  efficiency  can  be obtained  with  
an  antenna,  of  height  or  ground  system  less  than  the  minimum  specified,  a complete  
field  intensity  survey  25/  must  be supplied  to  the  Commission  showing  that  the  field  
intensity  at  a mile  without  absorption  fulfills  the  minimum  requirements.  
survey  must  be  made by  a qualified  engineer  using  equipment  of  acceptable  accuracy.

Before  any  changes  are  made in  the  antenna  system,  it  is  necessary  to  submit  full  
These  data  may be submitted  by  letter.

or  a minimum  effective  field  intensity  of  
mv/m and  250  watts,  75  mv/m).

At  the  present  development  of  the  art,  it  is  considered  that  where  a vertical  radi 
ator  is  employed  with  its  base  on  the  ground,  the  ground  system  should  consist  of  bur 
ied  radial  wires  at  least  one-fourth  wave length  long.  There  should  be as  many of  
these  radials  evenly  spaced  as  practicable  and  in  no event  less  than  90 (120  radials  
of  0.35  'to  0.U  of  a wave length  in  length  and  spaced  3°  is  considered  an excellent  
ground  system  and  in  case  of  high  base  current,  a base  screen  of  suitable  dimen 
sions  should  be employed.)

24/  This  height  applies  to  a Class  IV  station  on a local  channel  only.  
Class  IV  station  is  assigned  a regional  channel  Curve  A shall  apply.
25 /  See Field  Intensity  Measurements  in  Broadcast  Allocation,  Section  A.

The main  element  or  elements  of  a directional  antenna  system  shall  meet  the  above  
minimum  requirements  with  respect  to  height  or  effective  field  intensity,  
tional  antenna  system  will  be approved  which  is  so designed  that  the  effective  field  
of  the  array  is  less  than  the  minimum  prescribed  for  the  class  of  station  concerned ,  
or  in  case  of  a Class  I  station  less  than  90 percent  of  the  ground  wave field  which  
would  be obtained  from  a perfect  antenna  of  the  height  specified  by  Figure  7 for  
operation  on frequencies  below  1000  kilocycles,  and  in the  case  of  a Class  II  or  HI  
station  less  than  90  percent  of  the  ground  wave field  which  would  be obtained  from  
perfect  antenna  of the  height  specified  by  Figure  7 for  operation  on frequencies  
below  750  kilocycles.

B.  Class  II  and  III  stations,  or  a minimum  effective  field  intensity  of  175 mv/m 
for  1 kilowatt.

C.  Class  I  stations,  or  a.  minimum  effective  field  intensity  of  225  mv/m for  1 
kilowatt .



7.

9-

10.
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PLATE EFFICENCY OF LAST RADIO STAGE 
(Deleted  2OFR368O, Eff.  6-3O-55)

REQUIREMENTS FOR APPROVAL OF 
POWER RATING OF VACUUM TUBRS 

(Deleted  20FR3680,Eff .6-30-55)

FURTHER REQUIREMENTS FOR DIRECT MEASUREMENT OF POWER 
(Deleted  20IE3680/  Eff'.'  6-30-55)

6.  STANDARD LAMPS AND PAINTS 
(Deleted  FCC QPONMLKJIHGFEDCBA52-6^1, Eff. 7-2-52)

8.  POWER RATING OF VACUUM TUBES 
(Deleted  2OFR368O, EFF.6-3O-55)

(ED.  Note:  See Part  17 of  the  Rules  for  rules  concerning  painting,  lighting,  etc.  
antenna  structures.)



CONSTRUCTION AND SAFETY OF LIFE REQUIREMENTStsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA12.

A.  Design . —The general  design of  standard  broadcast  transmitting  equipment  (main

(45)6-11-55

The specifications  deemed necessary  to  meet  the  requirements  of  § 3-46  with  
rqspect  to  design  and  construction  are  set  forth  below.

11.  OPERATING POWER TOLERANCE 
(Deleted  18FR256,  Eff.  1-13-53)



The equipment  shall  be so  designed  that:

(46)

(7)  The transmitter  shall  be equipped  with  suitable  indicating  instruments  in  
accordance  with  the  requirements  of  section  3.58  and  any  other  instruments  neces 
sary  for  the  proper  adjustment  and  operation  of  the  equipment.-

(4)  The audio  frequency  transmitting  characteristics  of  the  equipment  from  the  
microphone  terminals  (including  microphone  amplifier  unless  microphone  frequency  
correction  is  included  in  which  event  proper  allowance  shall  be made accordingly)  
to  the  antenna  output  does  not  depart  more  than  2 decibels  from  that  at  1000  cycles  
between  100  and  5000  cycles.

(2)  The equipment  is  capable  of  satisfactory  operation  at  the  authorized  operating  
power  or  the  proposed  operating  power  with  modulation  of  at  least  85 to  95 percent  
with  no  more  distortion  than  given  in(3)  below.

(9)  The transmitter  is  equipped  with  automatic  frequency  control  equipment  capable  
of  maintaining  the  operating  frequency  within  the  limit  specified  by  section  3.59.

(5)  The carrier  shift  (current)  at  any  percentage  of  modulation  does  not  exceed  
5 percent.

(1)  The maximum rated  carrier  power  (determined  by  section  3.42)  is  in  accordance  
with  the  requirements  of  section  3.41.

studio  microphone  (including  telephone  lines,  if  used,  as  to  performance  only 30 /  
to  antenna  output)  shall  be in  accordance  with  the  following  specifications.  For  
the  points  not  specifically  covered  below,  the  principles  set  out  shall  be followed:

30/  In  cases  where  telephone  lines  are  not  available  to  give  the  performance  as  re 
quired  in  these  specifications  a relay  transmitter  may be authorized  to  supersede  
the  lines.

(3)  The total  audio  frequency.distortion  from  microphone  terminals,  including  mi 
crophone  amplifier,  to  antenna  output  does  not  exceed  5 percent  harmonics  (voltage  
measurements  of  arithmetical  sum or  r.  s.  s.)  when modulated  from  0 to  84 percent,  
and  not  over  7.5  percent  harmonics  (voltage  measurements  of  arithmetical  sum or  
r.  s.  s. )  when modulating  85 percent  to  95 percent  (distortion  shall be  measured  
with  modulating  frequencies  of  50,  100,  400,  1000,  5000  and  7500  cycles  up to  
tenth harmonic  or  16000  cycles,  or any  intermediate  frequency  that  readings  on 
these  frequencies  indicate  is  desirable).

(8)  Adequate  provision  is  made for  varying  the  transmitter  power  output  between  
sufficient  limits  to  compensate  for  excessive  variations  in  line  voltage,  or  other  
factors  which  may affect  the  power  output.

(6)  The carrier  hum and  extraneous  noise  (exclusive  of  microphone  and  studio  noises)  
level  (unweighted  r.  s.  s.)  is  at  least  50 decibels  below  100  percent  modulation  
for  the  frequency  band  of  150  to  5000  cycles  and  at  least  40 decibels  down outside  
this  range.



at  the  crystal  from  the  normal  operating

s'  '33/  protected

(1)  Means shall  he  provided  for  making  all  tuning adjustments,  requiring  voltages  
in  excess  of  35O volts  to  he applied  to  the  circuit,  from  the  front  of  the  panels  
with  all  access  doors  closed.

C.  It  is  preferable  that  the  tank  circuit  of  the  oscillator  tuhe  he installed  
in  the  temperature  controlled  chamber.

(1Q)  Means are  provided  for  connection  and  continuous  operation  of  approved  modu
lation  monitor  and  approved  frequecny  monitor.

B.  Construction . --  In  general,  the  transmitter  shall  be constructed  either  on  racks  
and  panels  or  in  totally  enclose^,  frames.  '33/  protected  as  required  by  article  810  
of  the  National  Electrical  Code '  and  as  set  forth  below:

(11)  Adequate  margin  is  provided  in  all  component  parts  to  avoid  overheating  at  
the  maximum rated  power  output.

a.  The radio  frequency  energy  for  operation  of  the  approved  frequency  monitor  
shall  be  obtained  from  a radio-frequency  stage  prior  to  the  modulated  stage  unless  
the  monitor  is  of  such  design  as  to  permit  satisfactory  operation  when otherwise  
connected  and  the monitor  circuits  shall  be such  that  the  carrier  is  not  heterodyned  
thereby.

(2)  Proper ’ .bleeder  resistors  or  other  automatic  means shall  be installed  across  
all  the  condenser  banks  to  remove  any  charge  which  may remain  after  the  high  volt 
age circuit  is  opened  (in certain  instances  the  plate  circuit  of  the  tubes  may 
provide  such  protection;  however,  individual  approval  of  such  shall  be  obtained

b.  Unless  otherwise  authorized,  a tehermometer  shall  be installed  in  such  man
ner  that  the  temperature  at  the  crystal  can  be accurately  .measured  within  0.05  C.  
for  X or  Y cut  crystal  or  0-5°  for  low  temperature  coefficient  crystal.

1.  Plus  or minus  0.1°C.  when an  X or  Y cut  crystal  is  employed,  or
2.  Plus  or  minus  1.0°C.  when low  temperature  <coefficient  crystal  is  employed.

a.  The maximum temperature  variation  31,  
temperature  shall  not  be greater  than:

31 /  Explanations  of  excessive  frequency  deviations  will  not  be accepted  when tempera 
ture  variations  are  in  excess  of  the  values  specified  below.
22/  Deleted.  (20ER  3680,  Eff.  6-3O-55) zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
33/ The final  stages  of  high  power  transmitters  may be assembled  in  open  frames  pro 
vided  the  equipment  is  enclosed  by  a protective  fence .
3U/  The pertinent  sections  of  article  810  of  the  National  Electrical  Code read  as  
follows :
"8191.  General . —Transmitters  shall  comply  with  the  following:
"a.  Enclosing .--  The transmitter  shall  be enclosed  in  a  metal  frame  or  grille,  or  
separated  from  the  operating  space  by  a barrier  or  other  equivalent  means,  all  metal 
lic  parts  of  which  are  effectually  connected  to  ground.
"b.  Grounding  of  controls . — All  external  metallic  handles  and  controls  accessible  to  
the  operating  personell  shall  be effectually  grounded.  No curcuit  in  excess  of  150  
volts  shall  have  any  parts  exposed  to  direct  contact,  A complete  dead-front  type  of  
switchboard  is  preferred,
"c.  Interlocks  on  doors . — All  access  doors  shall  be  provided  with  interlocks  which  
will  disconnect  all  voltages  in  excess  of  350  volts  when any  access  door  is  opened."  

6-11-55  (W
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(48)

(5-23-53)

by  the  manufacturer  in  case  of  standard  equipment,  and  the  licensee  in case  of  
composite  equipment.)

b.  Power  equipment  and  control  panels  of  the  transmitter  shall  meet  the  above  
requirements  (exposed  220  volt  AC switching  equipment  on the  front  of  the  power  
control  panels  is  not  recommended;  however,  is  not  prohibited.)

(3)  All  plate  supply  and  other  high  voltage  equipment,  including  transformers,  
filters,  rectifiers  and  motor  generators,  shall  be protected  so  as  to  prevent  in 
jury  to  operating  personnel.

a. . Commutator  guards  shall  be provided  on all  high  voltage  rotating  machinery  
(coupling  guards  on  motor  generators,  although  desirable,  are  not  required).

a.  All  instruments  having  more  than  1,000  volts  potential  to ground  on the  
movement  shall  be  protected  by  a cage  or  cover  in  addition  to  the  regular  case.  
(Some instruments  are  designedly  the  manufacturer  to  operate  safely  with  voltages  
in  excess  of  1,000  volts  on  the  movement.  If  it  can  be shown  by  the manufacturer's  
rating  that  the  instrument  will  operate  safely  at  the  applied  potential,  additional  
protection  is  not  necessary. )

36/  In  addition  to  the  following  requirements,  instruments  shall  meet  the  require-  
ments  of  Section  3-58  and  "indicating  Instruments  Pursuant  to  Section  3’ 58."

e.  The antenna,  antenna  lead-in,  counterpoise  (if  used),  etc.,  shall  be installed  
so  as  not  to  present  a hazard.  The antenna  may be located  close by  or  at  a dis 
tance  from  the  transmitter  building.  A properly  designed  and  terminated  trans 
mission  line  should  be used  between  the  transmitter  and  the  antenna  when located  
at  a distance .

d.  It  is  not  necessary  to  protect  the  equipment  in  the  antenna  tuning  house  
and  the  base  of  the  antenna  with  screens  and  interlocks,  provided  the  doors  to  
the  tuning  house  and  antenna  base  are  fenced  and  locked  at  all  times,  with  the  
keys  in  the  possession  of  the  operator  on duty  at  the  transmitter.  Ungrounded  
fencing  or  wires  should  be effectively  grounded,  either  directly  or througlrpro-  
per  static  leaks.  Lighting  protection  for  the  antenna  system  is  not  specifically  
required  but  should  be installed.

c.  Power  equipment  located  at  a broadcast  station  but  not  directly  associated  
with  the  transmitter  (not  purchased  as  part  of  same)*  such  as  power  distribution  
panels,  control  equipment  on indoor  or  outdoor  stations  and  the  substations  asso 
ciated  therewith,  are  not  under  the  jurisdiction  of  the  Commission;  therefore ,  
section  3 ’ 46 does  not  apply.



D. Installation,. —(1)  The installation  shall  he made in  suitable  quarters.

Number of  each  type  employed:

(49)6-11-55

(3)  Circuits  carrying  low  level  radio  frequency  energy  between  units  shall  be 
either  concentric  tube,  two  wire  balanced  lines,  or  properly  shielded  to  prevent  
the  pickup  of  modulated  radio  frequency  energy  from  the  output  circuits.

(4)  Each  Stage  (including  the  oscillator)  preceding  the  modulated  stage  shall  be 
properly  shielded  and  filtered  to  prevent  unintentional  feedback  from  any  circuit  
following  the  modulated  stage  (an  exception  to  this  requirement  may be made in  the  
case  of high  level  modulated  transmitters  of  approved  manufacture  which  have  been  
properly  engineered  to  prevent  reaction.)

Spares  
required

1
2
3
4

C.  Wiring  and  shielding . —(1)  The transmitter  panels  or  units  shall  be wired  in  
accordance  with  standard  switchboard  practice,  either  with  insulated  leads  prop 
erly  cabled  and  supported  or  with  rigid  bus  bar  properly  insulated  and  protected.

(2)  Wiring  between  units  of  the  transmitter,  with  the  exception  of  circuits  car 
rying  radio  frequency  energy,  shall  be installed  in  conduits  or  approved  fiber  or  
metal  raceways  to  protect  it  from  mechanical  injury. zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA

(5) The crystal  chamber,  together  with  the  conductor  or  conductors  to  the  oscilla 
tor  circuit  shall  be totally  shielded.

(6)  The monitors  and  the  radio  frequency  lines  to  the  transmitter  shall  be thor 
oughly  shielded.

1 or  2 -
3 to  5 -  ■
6 to  8 -  ■
9 or  more

c.  The antenna  ammeters  (both  regular  and  remote  and  any  other  radio  frequency  
instrument  which  it  is  necessary  for  the  operator  to  read)  shall  be so  installed  
as  to be easily  and  accurately  read  without  the  operator  having  to  risk  contact  
with  circuits  carrying  high  potential  radio  frequency  energy.

(2)  Since  an  operator  must  be on  duty  at  the  transmitter  control  point  during  
operation,  suitable  facilities  for  his  welfare  and  comfort  shall  be provided  at  
the  control  point.  (20FE  3680,  Eff.  6-3O-55)

b.  In  case  the  plate  voltmeter  is  located  on the  low  potential  side  of  the  
multiplier  resistor  with  one  terminal  of  the  instrument  at  or  less  than  1,  000  
volts  above  ground,  no  protective  case  is  required.  However,  it  is  good  practice  
to  protect  voltmeters  subject  to  more  than  5,000  volts  with  suitable  over-volt 
age  protective  devices  across  the  instrument  terminals  in  case  the  winding  opens .

E.  Spare  tubes . —A spare  tube  of  every  type  emplyed  in  the  transmitter  and  fre 
quency  and  modulation  monitors  shall  be kept  on hand.  When more  than  one  tube  of  
any  type  are  employed,  the  following  table  determines  the  number  of  spares  of that  
type  required:



INDICATING  INSTRUMENTS PURSUANT TO SECTION 3.5813-

A.

(1)  Length  of  scale  shall  he  not  less  than.  2  3/1O  inches.

(50)

(1-24-53)

The following  requirements  and.  specifications  shall  apply  to  indicating  instru 
ments  used  hy  standard  broadcasting  stations:

(1)  If  it  is  properly  covered  by  an  underwriter's  certificate,  it  will  be 
considered  as  satisfying  the  safety  requirements.

(2)  Section  8191  of  Article  810  of  the  National  Electrical  Code shall  apply  
for  voltages  only  when in  excess  of  500  volts.

Instruments  indicating  the  plate  current  or  plate  voltage  of  the  last  radio  
stage  (linear  scale  instruments),  shall  meet  the  following  specifications:

No specific  requirements  are  made relative  to  the  design  and  accoustical  treat 
ment.  However,  the  studios  and  particularly  the  main  studio  should  be in  accord 
ance  with  the  standard  practice  for the  class  of  station  concerned,  keeping  the  
noise  level  as  low  as  reasonably  possible.

F.  Studio  equipment . —The studio  equipment  shall  be subject  to  all  the  above  
requirements  where  applicable  except  as  follows:  (18FR256,  Eff.  1-13-53)



(2)  Accuracy  shall  be at  least  2 percent  of  the  full  scale  reading.,

(1)  Instruments  having  logarithmic  or  square  law  scales o

(a)  Shall  meet  same requirements  as  1,  2,  and  3 above  for  linear  scale  instruments

(2)  Radio  frequency  instruments  having  expanded  scales o

(a)  Remote reading  antenna  ammeters  may be provided  by:

(51)

(3)  Remote  reading  antenna  ammeters  may be employed  and  the  indications  logged  as  
the  antenna  current  in  accordance  with  the  following:

(5)  Full  scale  reading  shall  not  be greater  than  five  times  the  minimum  normal  in 
dication.

1.  Inserting  second  thermocouple  directly  in the  antenna  circuit  with  remote  
leads  to  the  indicating  instrument.

(d)  Manufacturers  of  instruments  of  the  expanded  scale  type  must  submit  data  to  
the  Commission  showing  that  these  instruments  have  acceptable  expanded  scales,  and  
the  type  number  of  these  instruments  must  include  suitable  designation.

(4)  Scale  shall  have  at  least  40  divisions.

(b)  Full  scale  reading  shall  not  be greater  than  five  times  the  minimum  normal  
indication.

(c)  No scale  division  above  one-fifth  full  scale  reading  (in  amperes)  shall  be 
greater  than  one-fiftieth  of  the  full  scale  reading.  (Example:  An ammeter  meeting  
the  requirement  (a)  above  is  acceptable  for  indicating  currents  from  1 to  5 amperes,  
provided  no division  between  1 and  5 amperes  is  greater  than  one-fiftieth  of  5 am
peres,  0.1  ampere.)

(b)  Full  scale  reading  shall  not  be greater  than  three  times  the minimum  normal  
indication.

(a)  Shall  meet  same requirements  as  1,  2,  and  3 for  linear  scale  Instruments.

(c)  No scale  division  above  one-third  full  scale  reading  (in  amperes)  shall  be 
greater  than  one-thirtieth  of  the  full  scale  reading.  (Example:  An ammeter  meeting  
requirement  (a)  above  having  full  scale  reading  of  6 amperes  is  acceptable  for  
reading  currents  fran  2 to  6 amperes,  provided  no scale  division  between  2 and  6 am 
peres  is  greater  than  one-thirtieth  of  6 amperes,  0.2  ampere.)

(3)  The maximum rating  of  the  meter  shall  be such  that  it  does  not  read  off  scale  
during  modulation.

B.  Instruments  indicating  the  antenna  current  shall meet  the  following  specifica 
tions:



(f )  Calibration  shall  be checked  against  the  regular  meter  at  least  once  a week. .0

(52)

2.  Data  are  submitted  under  oath  showing  the  unit  has  an  over-all  accuracy  of  
at  least  2 percent  of  the  full  scale  reading..

(g)  All  remote  meters  shall  be provided  with  shielding  or  filters  as  necessary  
to  prevent  any  feed-back  from  the  antenna  to  the  transmitter.,

(i)  Remote reading  antenna  ammeters  employing  vacuum  tube  rectifiers  are  accep 
table  provided:

1.  The indicating  instruments  shall  meet  all  the  above  requirements  for  linear  
scale  instruments.

(d)  The regular  antenna  ammeter  shall  be above  the  coupling  to  the  remote  meter  
in  the  antenna  circuit  so  it  does  not  read  the  current  to  ground  through  the  remote  
meter.

(h)  In  the  case  of  shunt  excited  antennas,  the  transmission  line  current  meter  
at  the  transmitter  may be considered  as  the  remote  antenna  ammeter  provided  the  
transmission  line  is  terminated  directly  into  the  excitation  circuit  feed  line,  which  
shall  employ  series  tuning  only  (no  shunt  circuits  of any  type  shall  be employed),  
and  insofar  as  practicable,  the  type  and  scale  of  the  transmission  line  meter  should  
be the  same as  those  of the  excitation  circuit  feed  line  meter  (meter  in  slant  wire  
feed  line  or  equivalent).

2.  Inductive  coupling  to  thermocouple  or  other  device  for  providing  direct  
current  to  indicating  instrument.

3.  Capacity  coupling  to  thermocouple  or  other  device  for  providing  direct  
current  to  indicating  instrument.

4.  Current  transformer  connected  to  second  thermocouple  or  other  device  for  
providing  direct  current  to  indicating  instrument.

5.  Using  transmission  line  current  meter  at  transmitter  as  remote  reading  am
meter.  See paragraph  (h)  below.

6.  Using  indications  of  phase  monitor  for  determining  the  ratio  of  antenna  
currents  in  the  case  of  directional  antennas,  provided  the  indicating  Instruments  
in  the  unit  are  connected  directly  in  the  current  sampling  circuits  with  no other  
shunt  circuits  of  any  nature.

(b)  A thermocouple  type  ammeter  meeting  the  above  requirements  shall  be perman 
ently  installed  in the  antenna  circuit.  (This  thermocouple  ammeter  may be so  con 
nected  that  it  is  short  circuited  or  open  circuited  when not  actually  being  read.  
If  open  circuited,  a make-before-break  switch  must  be employed.)

(c)  The remote  ammeter  shall  be connected  at  the  same point  in  the  antenna  cir 
cuit  as  the  termocouple  ammeter  and  shall  be so  connected  and  calibrated  as  to  read  
in  amperes  within  2 percent  of  this  meter  over  the  entire  range  above  one-third  or  
one-fifth  full  scale.  See sections  B 1 (c)  and  B  2 (c)  above  respectively.

(e)  All  remote  meters  shall  meet  the  same requirements  as  the  regular  antenna  
ammeter  with  respect  to  scale  accuracy,  etc.
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Stations

(53)

(2-2-52)

E.  Since  it  is  usually  impractical  to  measure  the  acutal  antenna  current  of  a 
shunt  excited  antenna  system,  the  current  measured  at  the  input  of  the  excitation  
circuit  feed  line  is  accepted  as  the  antenna  current.

G.  The function  of  each  instrument  shall  he clearly  and permanently  shown  on  the  
instrument  itself  or  on  the  panel  immediately  adjacent  thereto.

The installation,  calibration,  and  checking  are  in  accordance  with  the  
above  requirements.

C.  Stations  determining  power  by  the  indirect  method  may log  the  transmission  line  
current  in  lieu  of the  antenna  current  provided  the  instrument  meets  the  above  re 
quirements  for  antenna  ammeters,  and  further  provided  that  the  ratio  between  the  
transmission  line  current  and  the  antenna  current  is  entered  each  time  in  the  log.  
In  case  the  station  is  authorized  for  the  same operating  power  for  both  day  and  
nighttime  operation,  this  ratio  shall  be checked  at  least  once  daily,  
which  are  authorized  to  operate  with  nighttime  power  different  from  the  daytime  
power  shall  check  the  ratio  for  each  power  at  least  once  daily.

(j)  In  the  event  there  is  any  question  as  to  the  method  of  providing  for  the  
accuracy  of  the  remote  meter,  the  burden  of proof  of  satisfactory  performance  shall  
be upon  the  licensee  and  the  manufacturer  of  the  equipment.

F.  Recording  instruments  may be  employed  in  addition  to  the  indicating  instruments  
to  record  the  entenna  current  and  the  direct  plate  current  and  direct  plate  voltage  
of  the  last  radio  stage  provided  that  they  do  not  affect  the  operation  of  the  cir 
cuits  or  accuracy  of  the  indicating  instruments.  If  the  records  are  to  be used  in  
any  proceedings  before  the  Commission  as  representation  of  operation  with  respect  
to  plate  or  antenna  current  and  plate  voltage  only,  the  accuracy  must  be the  equiva 
lent  of  the  indicating  instruments  and  the  calibration  shall  be checked  at  such  
intervals  as  to  insure  the  retention  of  the  accuracy.

D.  No instrument,  the  seal  of which  has  been  broken,  or  the  accuracy  of  which  is  
questionable,  shall  be employed.  Any instrument  which  was not  originally  sealed  
by  the  manufacturer  that  has  been  opened  shall  not  be used  until  it  has  been  re 
calibrated  and  sealed  in  accordance  with  the  following:  Repairs  and  recalibration  
of  instruments  shall  be  made by  the  manufacturer,  by  an  authorized  instrument  re 
pair  service  of  the  manufacturer  or  by  some other  properly  qualified  and  equipped  
instrument  repair  service.  In  either  case  the  instrument  must  be resealed  with  the  
symbol  or  trade  mark  of  the  repair  service  and  a certificate  of  calibration  supplied  
therewith.
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15.

GENERAL REQUIREMENTS AND APPROVALA.

(5^-55)6-11-55

REQUIREMENTS FOR TYPE APPROVAL OF BROADCAST TRANSMIT
TERS AND AUTHOMATIC FREQUENCY CONTROL EQUIPMENTS 

(Deleted  2OFR368O, Eff.  6-3O-55)

REQUIREMENTS FOR APPROVAL OF FREQUENCY MONITORS 
(FCC53-68,  Adopted  1-26-53)

37/  In.  addition,  to  the  visual  indicator,  the  range  of  which  is  necessarily  limited  
in  order  to  obtain  the  required  accuracy,  an  aural  indicator  should  also  be employed  
to  indicate  frequency  deviations  beyond  the  range  of the  visual  indicator,  particu 
larly  where  the  visual  indicator  is  so  designed  that  the  indication  becomes  zero  when it  
is  desired  to  make any change,  either  machanical  or  electrical,  the  details  shall  be  
submitted  to  the  Commission  for  its  consideration.

There  are  serveral  ways  or  means by  which  it  can  be determined  whether  the  fre 
quency  of  the  emitted  carrier  wave is  within  the  required  limits  of  the  assigned  
frequency.  However,  one of  the  commonest  ways  is  by  means of  a  local  piezo  oscil 
lator  of  known  frequency  producing  a  beat  with  emitted  wave used  in  conjunction  
with  an instrument  to  indicate  the  resultant  beat  frequency.  The visual  indicator  
37/  is  the  only  method  now in  common use  by  which  it  is  considered  that  the  
frequency  of



B. GENERAL SPECIFICATIONS

37/ See footnote  on  p.  55-

(56) zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA

(1-2U-53)

The general  specifications  that  frequency  monitors  shall  meet  before  they  will  
be approved  by  the  Commission  ere  as  follows:

(1)  The unit  shall  have  an  accuracy  of  at  least  five  parts per  million  under  
ordinary  conditions  (temperature,  humidity,  power  supply,  and  other  conditions  
which  may affect  Its  accuracy)  encountered  in  standard  broadcast  stations  through 
out  the  United  States.

(3)  The scale  of  the  indicating  device  shall  be so  calibrated  as  to  be accurately  
read  within  at  least  1 cycle.

will  determine  deviations .  
used  to  determine  major  deviations .

(2)  The range  of  the  indicating  device  shall  be at  least  from  20  cycles  below  to
20 cycles  above  the  assigned  frequency.  (18FR256,  Eff.  1-13-53)

When it  is  desired  to  make any  change,  either  mechanical  or  electrical,  the  de
tails  shall  be submitted  to  the  Commission  for  its  consideration.

In  approving  a frequency  monitor,  based  upon  the  tests  by  the  Laboratory,  the  
Commission  merely  recognizes  that  the  type  of  monitor  has  the  inherent  capability  
of  functioning  in  compliance  with  Section  3-60,  if  properly  constructed,  maintained,  
and  operated .

Approval  is  given  subject  to  withdrawal  if  the  unit  proves  defective  in  service  
and  cannot  be relied  upon  under  usual  conditions  of  maintenance  and  operation  en-'  
countered  in  the  average  standard  broadcast  staticn.  Withdrawal  of  approval  means 
that  no further  units  may be installed  by  standard  broadcast  stations  for  the  pur 
pose  of  complying  with  Section  3-60,  but  will  not  affect  units  already  sold,  unless  
it  is  found  that  there  has  been  an  unauthorized  change  in  design  or  construction,  
or  the  material  or  workmanship  is  defective.  All  manufacturers  of  approved  fre 
quency  monitors  shall  keep  a list  of  sale  numbers  of  the  monitors  sold  to  licensees  
of  standard  broadcast  stations  under  the  assigned  approval  number,  and  shall  advise  
the  Commission  upon  shipment  of  the  monitor  to  the  standard  broadcast  station.

the  beat  may be determined  with  the  required  degree  of  accuracy.  Approval  of  a fre 
quency  monitor  will  be given  based  upon  data  taken  by  the  Laboratory  Division  of  the  
FCC. Any  manufacturer  desiring  to  submit  a monitor  for  approval  shall  supply  the  
Commission  with  full  details.  If  the  specifications  appear  to  meet  the  requirements,  
the  Commission  will  authorize  the  Laboratory  Division  to  issue  shipping  instructions.  
(18ER256,  Eff.  I-I3-53)

No change  whatsoever  will  be  permitted  in  the  monitors  sold  under  approval  number  
issued  by  the  Commission  except  when the  licensee  or  the  manufacturer  is  specifically  
authorized  to  make such  changes .

The Commission  accepts  no responsibility  beyond  this  and  further  rea 
lizes  that  these  monitors  may have  a limited  range  over  which  the  visual  indicator  

Accordingly,  it  is  necessary  that  adjunct  equipment  be 
2/
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(t>)  Plus  or  minus  0. zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA5' C when low  temperature  coefficient  crystal  is  employed..

■O

TESTS TO  BE MADE BY THE LABORATORY DIVISION  OF THE FCCC.

(1)  Accuracy . —(a)  Oscillator  frequency,  as  received.

(l>)  Constancy  of  oscillator  frequency,  as  measured  several  times  in  1 month.

(c)  Accuracy  of  readings  of  frequency-difference  instrument.

(d)  Functioning  of  frequency  adjustment  device.

(e)  Effects  on  frequency  of  changing  tubes  and  of  voltage  variations.

(57)

(1-24-53)

(b)  Special  tests  to  determine  quality  of  construction,  such  as  effect  of  
tilting  or  tipping  on  frequency.

(7)  Means shall  be  provided  for  adjustment  of  the  temperature  or  other  means for  
correction  of  the  indications  of  the  monitor  to  agree  with  the  external  standard.

(3)  Sensitivity . —(a)  Response  of  indicating  instrument  to  small  changes  of  fre 
quency.

(4)  General  construction . —(a)  Inspection  to  determine  ability  to  stand  shipment  
and  service .

(4)  The unit  shall  be equipped  with  an  automatic  temperature  control  chamber  (pre 
ferably  enclosing  the  tank  circuits  of  the  oscillator)  such  that  the  maximum tem 
perature  variation  at  the  crystal  from  the  normal  operating  temperature  shall  not  
be greater  than,

The tests  to be  made by  the  Laboratory  will  include  the  determination  of  the  fol 
lowing:

(6)  The monitor  circuit  shall  be such  that  it  may be continuously  operated  and  
the  emitted  carrier  of  the  station  is  not  heterodyned  thereby.

(5) Unless  otherwise  specifically  authorized,  the  instrument  shall  be equipped  
with  a thermometer such  that  the  termperature  can  be accurately  measured  within  
0.025°C  for  X or  Y cut  crystal  or  0.25°  for  low  temperature  coefficient  crystal.

(2)  Temperature  control  stability . —(a)  Effect  on  frequency  of  variation  of  room  
temperature  through  a range  not  to  exceed  10°  to  35°  C.

C when X or  Y cut  crystal  is  employed,  or

.0



P B 0 POSED AMENDMENT

§ 16. (18FR325)Delete first paragraph.

(File opposite page (58) AM Standards)

(2-14-53)tsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA

Section  3-55(1')  requires  all  broadcast  stations  to  have  in  operation  a  modula 
tion  monitor  approved  by  the  Commission  and  Section  3-55(d)  states  that  the  Com
mission  will  from  time  to  time  publish  the  specifications,  requirements,  and  list  
of  approved  modulation  monitors.  The specifications  and  requirements  for  approval  
are  set  out below.  For  a list  of  approved  modulation  monitors,  attention  is  in 
vited  to  Commission  release  "List  of  Approved  Modulation  Monitors."



16.

The characteristics  of  the  indicating  meter  are  as  follows:

(58)

(2-7-53)

(1)  A DC meter  for  setting  the  average  rectified  carrier  at  a specific  value  and  
to  indicate  changes  in  carrier  intensity  during  modulation.

The specifications  that  the  modulation  monitor  shall  meet  before  it  will  be 
approved  by  the  Commission  are  as  follows:

REQUIREMENTS FOR APPROVAL OF MODULATION MONITORS 
(FCC53-68,  Adopted  1-26-53)

(5)  Miscellaneous  performance . —(a)  Various,  depending  on  character  of  apparatus  
(e.g.,  changes  after  stopping  and  starting,  effect  of  varying  coupling  with  trans 
mitter,  etc.)

(2)  A peak  indicating  light  or  similar  device  that  can  be set  at  any  predeter 
mined  value  from  50  to  120  percent  modulation  to  indicate  on  positive  peaks,  and/or  
from  50  to  100 percent  negative  modulation.

Approval  will  be given  based  on  the  test  data  taken  at  the  Laboratory  Division  
of  the FCC. Any  manufacturer  desiring  to  submit  a monitor  for  approval  shall  sup 
ply  the  Commission  with  full  details  and  if  the  specifications  appear  to meet  the  
requirements,  the  Commission  will  authorize  the  Laboratory  Division  to  issue  ship 
ping  instructions.  The shipping  charges  to  and  from  the  Laboratory  at Laural,  Md.  
shall  be paid  by  the  manufacturer. zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA

(3) A semi-peak  indicator  with  a meter  having  the  characteristics  given  below  
shall  be used  with  a circuit  such  that  peaks  of  modulation  of  duration  between  AO 
and  90 milliseconds  are  indicated  to  90  percent  of  full  value  and  the  discharge  
rate  adjusted  so  that  the  pointer  returns  from  full  reading  to  10 percent  of zero  with-  
ih ' 500  to  800  milliseconds.  A switch  shall  be provided  so  that  this  meter  will  
read  either  positive  or  negative  modulation  and,  if  desired,  in  the  center  posi 
tion  it  may read  both  in  a full-wave  circuit.

The equipment  will  be operated  in  a  test  in  the  same way and  the  same conditions  
under  which  it  will  be used  in  service  as  specified  by  the  manufacturer.  The manu
facturer  shall  supply  to  the  Laboratory  Division  all  instructions  or  services  which  
will  be supplied  to  the  purchaser  of  the  equipment.  The equipment,  as  submitted,  
shall  be adjusted  for  operation  in  connection  with  broadcast  stations  operating  on 
1600  kilocycles.

Speed . —The time  for  one  complete  oscillation  of  the  pointer  shall  be 290  to  350  
milliseconds.  The damping  factor  shall  be between  16 and  200.  The useful  scale  
length  shall  be at  least  2.3  inches.  The meter  shall  be calibrated  for  modulation  
from  0 to  110 percent  and  in  decibels  below  100  percent  with  100  percent  being  0 DB.



17.

18.

20.

24.

6-11-55 (59-67)

(5)  The  modulation  meter  shall  be equipped  with  appropriate  terminals  so  that  an 
external  peak  counter  can  be readily  connected. QPONMLKJIHGFEDCBA

: 19.  USE OF COMMON ANTENNA BY STANDARD BROADCAST STATIONS 
OR ANOTHER RADIO 

STATION
(Deleted  18FR2554,  Eff.  6-1-53)

USE OF FREQUENCY AND MODULATION MONITORS AT AUXILIARY  
BROADCAST TRANSMITTERS

(Deleted  2OFR368O, Eff.  6-3O-55)

MONEY REQUIRED TO CONSTRUCT AND COMPLETE ELECTRICAL 
TESTS OF STATIONS OF DIFFERENT CLASSES AND POWERS 

(Deleted  18FR256,  Eff.  1-13-53)

STANDARD BROADCAST APPLICATION FORMS 
(Deleted  18FR 256,  Eff.  I-I3-53)

(7)  All  specifications  not  already  covered  above,  and  the  general  design,  con 
struction,  and  operation  of  these  units  must  be in  accordance  with  good  engineering  
pracitce.

(6)  Modulation  will  be tested  at  115  volts  L 5 percent  and  60 cycles,  and  the  
above  accuracies  shall  be applicable  under  these  conditions.

USE OF LOW TEMPERATURE COEFFICIENT CRYSTALS BY 
BROADCAST STATIONS

(Deleted  2OFR368O, Eff,  6-30-55)

23.  APPROVED EQUIPMENT 
(Deleted  2OFR368O, Eff.  6-3O-55)

The accuracy  of  thg  reading  on  percentage  of  modulation  shall  be  — 2 percent  for  
100  percent  modulation,  and  — 4 percent  of  full  scale  reading  at  any  other  percent 
age  of  modulation.

22.  APPROVED MODULATION MONITORS 
(Deleted  2OER368O, Eff.  6-3O-55)

21.  APPROVED FREQUENCY MONITORS 
(Deleted  2OFR368O, Eff.  6-3O-55)

(4)  The frequency  characteristics  curve  shall  not  depart  from  a  straight  line  
more  than  DB from  30 to  10000  cycles . The amplitude  distortion  or  generation  
of  audio  harmonics  shall  be kept  to  a minimum.



Informal  requests  (letters

(a)  To operate  additional  time.

(b)  To discontinue  operation  or  services  not  covered  by  section  3.71.

(c)  To operate  with  additional  power.

(d)  To operate  with  reduced  power  not  covered  by  section  3.57.

(e)  To operate  for  test  purposes  (to  determine  site,  etc.).

(f)  To rebroadcast  programs  or  stations  of  other  classes

9

(1) Operation  without  an  approved  frequency  monitor.

(2) zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAOperation without an approved modulation monitor.

(3) Operation  without  thermometer  in  automatic  temperature  control  chamber.

(4) Operation without antenna ammeter, plate voltmeter, or plate ammeter.

(5) Operation  with  substitute  ammeter,  plate  voltmeter,  or  plate  ammeter.

(6)

(7) Operation with auxiliary transmitter as main transmitter.

(68)

(j)  Where formal  application  is  not  required,  application  for  new or  modified  equip 
ment  or antenna  system.

(h)  Temporary  operation  without  specified  items  of  equipment,  or  with  temporary  
substitute,  or  auxiliary  equipment.

or  telegrams)  may be filed  for  requests:

Operation  with  temporary  antenna  system.

(i)  Operation  with  new or  modified  equipment  pending  repair  of  existing  equipment  
or  pending  receipt  and  action  upon  a formal  application.

(g)  Other  special  temporary  operation  beyond  terms  of  existing  license.



(1) Operation  to  determine  power  by  direct  method  during  program  test  period.

(m) Relocation  of  transmitter  in  same building.

(n) Operation  with  reduced  power  or  time  under  Sections  3-57  and  3-71*

(o)

25- zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAFIELD OFFICES OF THE COMMISSION

(69-71)

d-24-53)

(p)  All  authorizations  for  equipment  and  program  tests,  or  extensions  thereof,  
where  it  appears  that  compliance  has  been  had  with  the  terms  of  the  contraction  
permit.

(q)  Extensions  of time  within  which  to  comply  with  technical  requirements  speci 
fied  in  authorizations,  orders,  end  rules  or  releases  of  the  Commission.

(r)  Representations  of  compliance  with  technical  requirements  specified  in  autho 
rizations,  order,  rules,  or  releases  (except  formal applications).

Approval  of  types  of  equipment  as  to  compliance  with  outstanding  rules  or  
standards .

(k)  Change  of  specifications  for  painting  and  lighting  antenna  towers  where  for 
mal  application  is  not  required.

Section  3-57  and  other  rules  of  the  Commission  require  that  in  certain  instances,  
the  inspector  in  charge  of  the  district  in  which  the  station  is  located  be  advised  
of  the  conditions  existing  at  the  station.  A list  of  the  radio  districts,  giving  
the  address  of  each  field  office  of  the  Cormni  hrt  on and  the  territory  embraced  in  
each  district,  may be found  in  Part  0 of  the  rules.  (18FR256,  Eff.  1-13-53)

(s)  Operation  with  licensed,  new or  modified  equipment  at  a temporary  location  
with  a temporary  antenna  system in  case  of  an  emergency  when,  due  to  causes  beyond  
the  control  of  the  licensee,  it  becomes  impossible  to  continue  operating  at  the  
licensed  location.



APPENDIX I

GROUND WAVE FIELD  INTENSITY  CHARTS

the  graphsD

Volo

At  sufficiently  short  distances  (say  less  than  35  miles),

Graphs  1-20  show the  computed  values  of  ground  wave field  intensity  as  a function  
of  the  distance  from  the  transmitting  antenna.  The ground  wave field  intensity  is  
here  considered  to  be that  part  of  the  vertical  component  of  the  electric  field  re 
ceived  on the  ground  which  has  not  been  reflected  from  the  ionosphere  nor  the  tropo 
sphere.  These  20 charts  were  computed  for  20 different  frequencies,  a dielectric  
constant  of  the  ground  equal  to  15  for  land  and  80  for  sea  water  (referred  to  air  as  
unity)  and  for  the  ground  conductivities  (expressed  in  electromagnetic  units  x  1014 
or  expressed  in  mhos per  meter  x  103 )  given  on  the  curves.  The curves  show the  var 
iation  of  the  ground  wave field  intensity  with  distance  to  be expected  for  transmis-  ,  
sion  from  a  short  vertical  antenna  at  the  surface  of  a uniformly  conducting  spherical  
earth  with  the  ground  constants  shown  on  the  curves;  the  curves  are  for  an  antenna  
power  and  efficiency  such  that  the  inverse  distance  field  is  100  mv/m at  1 mile.  The 
curves  are  valid  at  distances  large  compared  to  the  dimensions  of the  antenna  for  
other  than  short  vertical  antennas.

such  that  the  curvature  
of the  earth  does  not  introduce  an  additional  attenuation  of  the  waves  
were  computed  by  means of  the  plane  earth  formulas  given  in  the  paper,  "The  Propaga 
tion  of  Radio  Waves Over  the  Surface  of  the  Earth  and  in  the  Upper  Atmosphere,"  Part  
I,  by  Mr.  K.  A.  Norton,  Proc.  I.  R.  E. ,  Vol.  24,  October  1936,  pp.  1367-1387.  At  
larger  distances  the  additional  attenuation  of  the  waves  which  is  introduced  by  the  
effect  of  the  curvature  of  the  earth  was introduced  by  the  methods  outlined  in  the  
papers,  "The  Diffraction  of  Electromagnetic  Waves  from  an  Electrical  Point  Source  
round  a Finitely  Conducting  Sphere,  with  Applications  to  Radiotelegraphy  and  the  
Theory  of  the  Rainbow,"  by  Balth  van  der  Pol  and  H.  Bremmer,  Part  I,  Phil.  Mag.,  
24,  p.  141,  July  1937,  Part  IX,  Phil.  Mag.,  Vol.  24,  p„  825,  Suppl.,  November  1937,  
"Ergebrlsse  einer  Theorie  uber  die  Fortpflanzung  elektromagnetischer  Wellen  uber  eine  
Kugel  endlicher  Leitfahigkeit,"  by  Balth  van  der  Pol  and  H.  Bremmer,  Hochfrequenztechnik  
und  Elektroakustik,  Band 51,  Heft  6,  June  1938,  "Further  Note  on the  Propagation  of  
Radio  Waves over  a Finitely  Conducting  Spherical  Earth,"  by  Balth  van  der  Pol  and  H.  
Bremmer,  Phil.  Mag.,  Vol.  27,  p.  261,  March  1939.  In  order  to  allow  for  the  refrac 
tion  of  the  radio  waves  in  the  lower  atmosphere  due  to  the  variation  of  the  dielectric  
constant  of  the  air  with  height  above  the  earth,  a radius  of  the  earth  equal  to  4/3  
the  actual  radius  was used  in  the  computations  for  the  effect  of  the  earth ’ s curva 
ture  in  the  manner  suggested  by  C.  R„  Burrows,  "Radio  Propagation  over  Spherical

(95)

The inverse  distance  field  (100  mv/m divided  by  the  distance  in  miles)  corresponds  
to  the  ground  wave field  intensity  to  be expected  from  an  antenna  with  the  same rad 
iation  efficiency  when it  is  located  over  a  perfectly  conducting  earth.  To determine  
the  value  of  the  ground  wave field  intensity  corresponding  to  a value  of  inverse  dis 
tance  field  other  than  100  mv/m at  1 mile,  simply  multiply  the  field  intensity  as  
given  on  these  charts  by  the  desired  value  of  inverse  distance  field  at  1 mile  di 
vided  by  100;  for  example,  to  determine  the  ground  wave field  intensity  for  a sta 
tion  with  an inverse  distance  field  of  1700  mv/m at  1 mile,  simply  multiply  the  
values  given  on  the  charts  by  17.  The value  of  the  inverse  distance  field  to  be 
used  for  a particular  antenna  depends  upon  the  power  input  to  the  antenna,  the  na
ture  of  the  ground  in  the  neighborhood  of  the  antenna,  and  the  geometry  of  the  antenna.  
For  methods  of  calculating  the  inter-relations  between  these  variables  and  the  inverse  
distance  field,  see  "The Propagation  of  Radio  Waves Over  the  Surface  of  the  Earth  and  
in  the  Upper  Atmosphere,"  Part  II,  by  Mr.  K.  A.  Norton,  Proc.  I.  R.  E. ,  Vol.  25,  Sep
tember  1937,  pp.  1203-1236.
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Earth,"  Proc,  I<>  R<> E, , May 1935;  i,  e,,  the  distance  corresponding  to  a given  value  
of  attenuation  due  to  the  curvature  of  the  earth  in  the  absence  of  air  refraction  was 
multiplied  by  the  factor

Provided  the  value  of  the  dielectric  constant  is  near  15,  the  curves  of  Graphs  
1=20  may be compared  with  experimental  data  to  determine  the  appropriate  values  of  
the  ground  conductivity  and  of  the  inverse  distance  field  intensity  at  1 mile,  This  
is  accomplished  simply  by  plotting  the  measured  fields  on transparent  log=log  graph  
paper  similar  to  that  used  for  Graphs  1-20  and  superimposing  this  chart  over  the  
Graph  corresponding  to  the  frequency  involved,  The log-log-graph  sheet  is  then  
shifted  vertically  until  the  best  fit  is  obtained  with  one  of  the  curves  on  the  Graph;  
the  intersection  of  the  Inverse  distance  line  on the  graph  with  the  l=mile  abscissa  
on the  chart  determines  the  inverse  distance  field  intensity  at  1 mile..  For  other  
values  of  dielectric  constant,  the  following  procedure  may be used  for  a determina 
tion  of  the  dielectric  constant  of  the  ground,  conductivity  of  the  ground  and  the  
inverse  distance  field  intensity  at  1 mile.,  Graph  21 gives  the  relative  values  of  
ground  wave field  intensity  over  a plane  earth  as  a function  of  the  numerical  distance  
£ and  phase  angle  b,  On graph  paper  with  coordinates  similar  to  those  of  Graph  21,  
plot  the  measured  values  of field  intensity  as  ordinates  versus  the  corresponding  
distances  from  the  antenna  expressed  in  miles  as  abscissae.  The data  should  be 
plotted  only  for  distances  greater  than  one  wavelength  (or,  when this  is  greater,  
five  times  the  vertical  height  of  the  antenna  in  the  case  of  a single  element,  i,  e,,  
nondirectional  antenna  or 10  times  the  spacing  between  the  elements  of a  directional  
antenna)  and  for  distances  less  than  50/f^ 3 miles  (i„e„,  50  miles  at  1 me).  Then,  
using  a light  box,  place  the  sheet  with  the  data  plotted  on it  over  the  sheet  with  
the  curves  of  Graph  21  and  shift  the  data  sheet  vertically  and  horizontally  (making  
sure  that  the  vertical  lines  on  both  sheets  are  parallel)  until  the  best  fit  with  
the  data  is  obtained  with  one of  the  curves  on  Graph  21,  When the  two  sheets  are  
properly  lined  up,  the  value  of  the  field  Intensity  corresponding  to  the  intersection  
of  the  inverse  distance  line  of  Graph  21  with  the  1 mile  abscissa  on the  data  sheet  
is  the  inverse  distance  field  intensity  at  1 mile,  and  the  values  of  the  numerical'  
distance  at  1 mile,  £j_,  and  of  l>  are  also  detennined,  Knowing  the  values  of  Is  and  pj  
(the  numerical  distance  at  1 mile),  we may substitute  in  the  following  approximate

(96)

It  is  clear  from  this  table  that  the  use  of  the  average  value  of k  ~ 4/5 is  justi 
fied  in  obtaining  a single  correction  for  the  systematic  effects  of  atmospheric  re 
fraction.

R,  E„,  May 1935;  i.  e.
curvati

(4/3) 2 ' 3 a 1,21,  The amount  of  this  refraction  varies  from  
day to  day  and  from  season  to  season,  depending  on  the  air  mass conditions  in  the  
lower  atmosphere.  If  k  denotes  the  ratio  between  the  equivalent  radius  of  the  earth  
and  the  true  radius,  the  following  table  gives  the  values  of  k  for  several  typical  
air  masses  encountered  in  the  United  States,



(97)

^e. m

At  sufficiently  short  distances  (say  less  than  35 miles  at  broadcast  frequencies),  
such  that  the  curvature  of  the  earth  does  not  introduce  an  additional  attenuation  
of  the  waves,  the  curves  of  Graph  21  may be used  for  determining  the  ground  wave 
field  intensity  for  transmitting  and  receiving  antennas  at  the surface  of  the  earth  
for  any  radiated  power,  frequency,  or  set  of  ground  constants  in  the  following  man
ner:  First,  lay  off  the  straight  inverse  distance  line  corresponding  to  the  power  
radiated  on  transparent  log-log  graph  paper  similar  to  that  of  Graph  21,  labelling  
the  ordinates  of  the  chart  in  terms  of  field  intensity  and  the  abscissae  in  terms  of  
distance.  Next,  by  means of  the  formulas  given  on Graph  21,  calculate  the  value  of  
the  numerical  distance,  p,  at  1 mile  and  the  value  of  b.  Then  superimpose  the  log 
log  chart  over  Graph  21,  shifting  it  vertically  until  the  inverse  distance  lines  on 
both  charts  coincide  and'shifting  it  horizontally  until  the  numerical  distance  at  
1 mile  on  Graph  21 coincides  with  1 mile  on  the  log-log  graph  paper.  The curve  of  
Graph  21 corresponding  to  the  calculated  value  of  b is  then  traced  on  the  log-log  
graph  paper  giving  the  field  intensity  versus  distance  in  miles. zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA

zs— '(7?/X)i.cos & (1)

(2?/X)!=Number of wavelengths in 1 mile.

<Te.m.u.= 17.973f10““ C®)

. u.=Conductivity of the ground ex
pressed in electromagnetic units.QPONMLKJIHGFEDCBA

jmC= frequency expressed in megacycles.

tsitanJ-1 (3)

e=dielectric constant of the ground re
ferred to air as unity.

First solve for z by substituting the known 
values of pi, (A/X)b and cos b in equation (1). 
Equation (2) may then be solved for a and 
equation (3) for e). At distances greater than 
50/f^c miles the curves of Graph 21 do not give 

the correct relative values of field intensity 
since the curvature of the earth weakens the 
field more rapidly than these plane earth curves 
would indicate. Thus, no attempt should be 
made to fit experimental data to these curves 
at the larger distances.
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TABLE I

K1000K5OOfkc

To determine  the  permissible  radiation  at  f.

(FCC 54-333)

(3-27-54) zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA

ucburmiiw Liic penuiBBiuie I'etaj-ttuxun ab -L-u-p 
radiation at the proper azimuth and distance from tn£ 500

and  from  the  1000  kc  chart  by  KpoOO (f°r  f

0.720 
0.700 
0.680 

0.660 
0.640 
0.620 
0.600 
O.58O 
O.56O 
O.5UO 
0.520 
0.500 
0.480 
0.460 
0.440 
o.4oo 
0.380 
0.360 
0.3U0 
0.320 
0.300 
0.280 
0.260 
0.240 
0.220 
0.200 
0.120 
0.020

PERMISSIBLE RADIATION FOR 
CLASS I-B  AND CLASS II  STATIONS

1010  
1020  
1030  

1040  
1050  
1060  
1070  
1080  
1090  
1100  
1110  
1120  
1130  
1140  
1160  
1170  
1180  
1190  
1200  
1210  
1220  
1500  
1510  
1520  
1530  
1540  
1550  
1560  
1570  
1580

0.017  
0.033  
0.050  

0.067  
O.O83 
0.100  
0.117 

0.133 
0.150  
0.167 
0.183  
0.200  
0.217  
0.233  
0.267  
0.283  
0.300  
0.316  
0-333  
0.350  
0.367  
O.833  
O.85O 
0.867  
O.883  
0.900  
0.917  
0.933  
0.950  
0.967

640
650
660

670
680
690
700
710
720
730
740
750
760
770
780
800
810
820
830
840
850
860
870
880
890
900
940
990

0.280 
0.300 
0.320 

0.340 
0.360 
0.380 
0.400 
0.420 
o.44o 
0.460 
0.480 
0.500 
0.520 
0.540 
0.560 
0.600 
0.620 
0.640 
0,660 
0.680 
0.700 
0.720 
0.740 
0.760 
O.78O 
0.800 
0.880 
0.980

INTERPOLATION FACTORS FOR 
FREQUENCIES BETWEEN 

500,  1000  and  1600  KC.

kc)  •

multiply  the  value  of  
,  )  kc  chart  by  K^qq 

kc  use  K' 1OOO for  the  value  firom  

the  1000  kc  chart  and  K'^ qq for  the  value  from  the  1600  kc  chart).  Add the  

products;  the  sum is  the  permissible  radiation  for  the  frequency  f kc  (or  f'

f'kc k 'i6o o1000

0.983

0.967
0.950

0.933
0.917
0.900
0.883

0.867
0.850
0.833

0.817
0.800

0.783
0.767

0.733
0.717
0.700
0.684

0.667
0.650

0.633
0.167
0.150

0.133
0.117
0.100
0.083

0.067
0.050

0.033
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INTRODUCTION

(I8FR3859)

(I)

(8-29-53)

The standards  set  forth  herein  are  those  deemed necessary  for  the  construction  
and  operation  of  FM broadcast  stations  to  meet  the  requirements  of  technical  regu 
lations  and  for  operation  in  the  public  interest  along  technical  lines  not  other 
wise  enunciated.  These  standards  are  based  upon  the  best  engineering  data  available,  
including  evidence  at  hearings,  conferences  with  radio  engineers,  and  data  supplied  
by  manufacturers  of  radio  equipment  and  by  licensees  of  FM broadcast  stations.  
These  standards  are  complete  in  themselves  and  supersede  previous  engineering  standt  
ards  or  policies  of  the  Commission  concerning  FM broadcast  stations.  While  these  
standards  provide  for  flexibility  and  indicate  the  conditions  under  which  they  are  
applicable,  it  is  not  expected  that  material  deviation  from  the  fundamental  principles  
will  be recognized  unless  full  information  is  submitted  as  to  the  need  and  reasons  
therefor.

There  are  presented  herein  the  Commission's  engineering  standards  relating  to  
the  allocation  and  operation  of  FM broadcast  stations.  These  standards  also  apply  
to  noncommercial  educational  FM broadcast  stations,  except  as  noted  herein.  The 
Commission's  rules  and  regulations  contain  references  to  these  standards,  which  
have  been  approved  by  the  Commission  and  thus  are  considered  as  reflecting  its  
opinion  in  all  matters  involved.

These  standards  will  necessarily  be revised  from  time  to  time  as  progress  is  
made in  the  art.  The Commission  will  accumulate  and  analyze  engineering  data  avail 
able  as  to the  progress  of  the  art  so  that  these  standaids  may be kept  current  with  
technical  developments .
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3-301  -  3-310  (e)

FM TECHNICAL STANDARDS

Introduction .  — ( a )

except  as  noted  herein.
con-

(d) means:

(2) The frequency  of  the  emitted  wave without  modulation.

(1)1-28-56

(c)  FM broad cast  hand. —The term  "FM broadcast  band ”  means the  band  of  
frequencies  extending  from  88  to  108  megacycles,  which  includes  those  assigned  to  
noncommercial  educational  broadcasting.

(b)  Freq uency  modulation . —The term  "frequency  modulation"  means a system  
of modulation  where  the  instantaneous  radio  frequency  varies  in proportion  to  the  
instantaneous  amplitude  of  the  modulating  signal  (amplitude  of modulating  signal  
to  be  measured  after  pre-emphasis,  if  used)  and  the  instantaneous  radio  frequency  
is  independent  of  the  frequency  of  the  modulating  signal.

(1)  The average  frequency  of  the  emitted  wave when modulated  by  a 
sinusoidal  signal.

Center  frequency .--The  term  "center  frequency"

§ 3.301  Introduction .--(a)  There  are  presented  herein  the  Commission's  engineer 
ing  standards  relating  to  the  allocation  and  operation  of  FM broadcast  stations.  
These  standards  also  apply  to  noncommercial  educational  FM broadcast  stations,

The Commission's  rules  and  regulations  contain  references  
to  these  standards,  which  have  been  approved  by  the  Commission  and  thus  are  
sidered  as  reflecting  its  opinion  in  all  matters  involved.

§ 3.310  Defin itions —(a)  FM broadcast  station . —The term  "FM broadcast  station"  
means a.  station  employing  frequency  modulation  in  the  FM broadcast  band  and  li 
censed  primarily  for  the  transmission  of  radiotelephone  emissions  intended  to  be  
received  by  the  general  public.

(e)  Frequency  swing .--The  term  "frequency  swing"-  means the  instantaneous  
departure  of  the  frequency  of  the  emitted  wave from  the  center  frequency  resulting  
from  modulation.

(b)  The standards  set  forth  herein  are  those  deemed necessary  for  the  con 
struction  and  operation  of  FM broadcast  stations  to  meet  the  requirements  of  
technical  regulations  and  for  operation  in  the  public  interest  along  technical  
lines  not  otherwise  enunciated.  These  standards  are  based  upon  the  best  engi 
neering  data  available,  including  evidence  at  hearings,  conferences  with  radio  
engineers,  and  data  supplied  by  manufacturers  of  radio  equipment  and  by  licensees  
of FM broadcast  stations.  These  standards  are  complete  in  themselves  and  super 
sede  previous  engineering  standa.rds  or policies  of  the  Commission  concerning  FM 
broadcast  stations.  While  these  standards  provide  for  flexibility  and  indicate  
the  conditions  under  which  they  are  applicable ,  it  is  not  expected  that  material  
deviation  from  the  fundamental  principles  will  be recognized  unless  full  informa 
tion  is  submitted  as  to  the  need  and  reasons  therefor.

(c)  These  standards  will  necessarily  be revised  from  time  to  time  as  progress  
is  made in  the  art.  The Commission  will  accumulate  and  analyze  engineering  data  
available  as  to  the  progress  of  the  art  so  that  these  standards  may be kept  current  
with  technical  developments.



3-310  (f)  - 3-310  (o)

(g)  Antenna  field  gain .

watt  antenna,  input  power  to  137-6  mv/m.

For

8/7  »

(2)

(2)  Where circular  or  elliptical  polarization  ie  employed  the  antenna  
height  above  average  terrain  shall  he based  upon  the  height  of  the  radiation  
center  of  the  antenna  which  transmits  the  horizontal  component  of  radiation.

__ The term  "antenna  field  gain"  of  an  FM broadcast  
antenna  means the  ratio  of  the  effective  free  space  field  intensity  produced  at  
one  mile  in the  horizontal  plane  expressed  in  millivolts  per  meter  for  1 kilo-

(1)  Service  area .--The  term  "service  area"  as  applied  to  FM broadcasting  
means the  service  resulting  from  an assigned  effective  radiated  power  and  antenna  
height  above  average  terrain.

(f)  FM broadcast  channel .--The  term  "FM broadcast  channel"  means a band  
of  frequencies  200  kilocycles  wide  and  is  designated  by  its  center  frequency.  
Channels  for  FM broadcast  stations  begin  at  88.1  megacycles  and  continue  in  
successive  steps  of  200  kilocycles  to  and  including  107.9  megacycles.

(h)  Free  space  field  Intensity . —The term  "free  space  field  intensity ”  
means the  field  intensity  that  would  exist  at  a point  in  the  absence  of  waves  
reflected  from  the  earth  or  other  reflecting  objects .

(o)  Index  of  cooperation . —The index  of  cooperation  as  applied  to  facsimile  
broadcasting  is  the  product  of  the  number  of  lines  per  inch,  the  available  line  
length  in  inches,  and  the  reciprocal  of ■ the  line-use  ratio  (e.g.,  105  x  8.2  x  7 
984).

1-28-56

(m)  Antenna  height  above  average  terrain . --(1)  The term  "antenna  height  
above  average  terrain"  means the  height  of  the  radiation  center  of  the  antenna  
above  the  terrain  2 to  10  miles  from  the  antenna,  (in  general  a different  antenna  
height  will  be determined  for  each  direction  from  the  antenna.  The average  of  
these  various  heights  is  considered  as  the  antenna  height  above  average  terrain.)

(k)  Effective  radiated  power . —The term  "effective  radiated  power"  means 
the  product  of  the  antenna  power  (transmitter  output  power  less  transmission  
line  loss)  times  (1)  the  antenna  power  gain,  or  (2)  the  antenna  field  gain  
squared.  Where circular  or  elliptical  polarization  is  employed  the  term  effective  
radiated  power  is  applied  separately  to  the  horizontal  and  vertical  components  of  
radiation.  For  allocation  purposes,  the  effective  radiated  power  authorized  is  
the  horizontally  polarized  component  of  radiation  only.

(i)  Multiplex  transmission . —The term  "multiplex  transmission"  means the  
simultaneous  transmission  of  two  or  more  signals  within  a single  channel.  Multi 
plex  transmission  as  applied  to  FM broadcast  stations  means the  transmission  of  
facsimile  or  other  signals  in  addition  to  the  regular  broadcast  signals.

(j)  Percentage  modulation .--The  term  "percentage  modulation"  as  applied  to  
frequency  modulation  means the  ratio  of  the  actual  frequency  swing  to the  
frequency  swing  defined  as  100  percent  modulation,  expressed  in percentage.
FM broadcast  stations  a.  frequency  swing  of  +75  kilocycles  is  defined  as  100  per 
cent  modulation.

(n)  Field  intensity .--The  term  "field  intensity"  as  used  in these  standards  
shall  mean the  electric  field  intensity  in  the  horizontal  direction.



3-3U (e)3-310 (p) -

uv

1-28-56 (3)

Area:
City 'business or factory areas
Rural areas ------------------------------tsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA

median  field  intensity  of  1 mv/m should  
be placed  over  the  business  district  of  cities  of  10,000  or greater  within  the

(p)  Line-use  ratio .--The  term  "line-use  ratio"  as  applied  to facsimile  broad 
casting  is  the  ratio  of  the  available  line  to  the  total  length  of  scanning  line.

(q)  Available  line . —The term  "available  line"  means the  portion  of  the  total  
length  of  scanning  line  that  can  be used  specifically  for  picture  signals.

(r)  Rectilinear  scanning . —The term  "rectilinear  scanning"  means the  process  
of  scanning  an  area  in a predetermined  sequence  of  narrow  straight  parallel  strips.

§ 3.311  Engineering  standards  of  allocation . —(a)  Sections  3-202  to  3-205  in 
clusive  of  the  rules  and  regulations  describe  the  basis  for  allocation  of  EM 
broadcast  stations,  including  the  division  of  the  United  States  into  Areas  I  and  II.

(d)  A basis  for  allocation  of  satellite  stations  has  not  yet  been  determined.  
For  the  present,  applications  will  be considered  on their  individual  merits.

(s)  Optical  density .--The  term  "optical  density"  means the  logarithm  (to  the  
base  10)  of  the  ratio  of  incident  to  transmitted  or  reflected  light.

Median  field  
intensity  

1 mv/m 
50  uv/m

A median  field  intensity  of  3 to  5  mv/m should  be placed  over  the  principal  city  
to  be served  and  for  class  B stations,  a median  field  intensity  of  1 mv/m should  
be placed  over  the  business  district  of  cities  of  10,000  or greater  within  the  
metropolitan  district  served.  A field  intensity  of  5 mv/m should  be provided  
over  the  main  studio  of  a class  B station  except  as  otherwise  provided  in  § 3-205-  
These  figures  are  based  upon  the  usual  noise  levels  encountered  in  the  several  
areas  and  upon  the  absence  of  interference  from  other  FM stations.

(c)  Although  some service  is  provided  by  tropospheric  waves,  the  service  
area  is  considered  to  be only  that  served  by  the  ground  wave.  The extent  of  ser 
vice  is  determined  by  the  point  at which  the  ground  wave is  no longer  of  sufficient  
intensity  to  provide  satisfactory  broadcast  service.  The field  intensity  consid 
ered  necessary  for  service  is  as  follows:

(b)  FM broadcast  stations  shall  determine  the  extent  of  their  1 mv/m and  50 
/m  contours  in  accordance  with  the  methods  prescribed  in  these  Standards.

(e)  The service  area  is  predicted  as  follows:  Profile  graphs  must  be drawn  
for  at  least  eight  radials  from  the  proposed  antenna  site.  These  profiles  should  
be prepared  for  each  radial  beginning  at  the  antenna  site  and  extending  to  10 
miles  therefrom.  Normally  the  radials  are  drawn  for  each  U50 of  azimuth;  however,  
where  feasible  the  radials  should  be drawn  for  angles  along  which  roads  tend  to  
follow.  (The  latter  method  may be helpful  in  obtaining  topographical  data  where  
otherwise  unavailable ,  and  is  particularly  useful  in  connection  with  mobile  field  
intensity  measurements  of  the  station  and  the  correlation  of  such  measurements  
with  predicted  field  intensities.)  In  each  case  one  or more  radials  must  include  
the  principal  city  or  cities  to  be served,  particularly  in  cases  of  rugged  terrain,  
even  though  the  city  may be more  than  10 miles  from  the  antenna  site.  The profile  
graph  for  each  radial  should  be  plotted  by  contour  intervals  of  from  U0 to  100  feet
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(f)  The average  elevation,  of  the  8-mile  distance  between.  2 and  10 miles  from  
the  antenna  site  should  then  be determined  from  the  profile  graph  for  each  radial.  
This  may be obtained  by  averaging  a large  number  of  equally  spaced  points,  by  using  
a.  planimeter,  or by  obtaining  the  median  elevation  (that  exceeded  for  50 percent  of  
the  distance)  in  sectors  and  averaging  these  values.

(g)  To determine  the  distance  to  a particular  contour,  Figure  1 of  § 3-333  
concerning  the  range  of  FM broadcast  stations  should  be used.  This  chart  has  
been  prepared  for  a frequency  in the  center  of  the  band  and  is  to  be used  for  all  
FM broadcast  channels,  since  little  change  results  over  this  frequency  range.  The 
distance  to  a contour  is  determined  by  the  effective  radiated  power  and  the  antenna  
height.  The height  of  the  antenna  used  in  connection  with  Figure  1 of  § 3-333  
should  be the  height  of  the  center  of  the  proposed  antenna  radiator  above  the  
average  elevation  obtained  by  the  preceding  method.  The distances  shown  by  Figure  
1 of  § 3-333  are  based  upon  an  effective  radiated  power  of  1 kilowatt;  to  use  the  
chart  for  other  powers,  the  sliding  scale  associated  with  the  chart  should  be 
trimmed  and  used  as  the  ordinate  scale.  This  sliding  scale  is  placed  on the  
chart  with  the  appropriate  graduation  for  power  in  line  with  the  lower  line  of  
the  top  edge  of  the  chart.  The right  edge  of  the  scale  is  placed  in  line  with  
the  appropriate  antenna  height  graduations  and  the  chart  then  becomes  direct  
reading  for  this  power  and  antenna  height.  Where the  antenna  height  is  not  one  
of  those  for  which  a scale  is  provided,  the  signal  strength  or  distance  is  deter 
mined  by  interpolation  between  the  curves  connecting  the  equidistant  points.

and,  where  the  data  permits,  at  least  50 points  of  elevation  (generally  uniformly  
spaced)  should  be used  for  each  radial.  In  instances  of  very  rugged  terrain  where  
the  use  of  contour  intervals  of  100  feet  would  result  in  several  points  in  a  short  
distance,  200-  or  kOO-foot  contour  intervals  may be used  for  such  distances.  On 
the  other  hand,  where  the  terrain  is  uniform  or  gently  sloping  the  smallest  con 
tour  interval  indicated  on the  topographic  map (see  below)  should  be used,  although  
only  a relatively  few  points  may be available . The profile  graph  should  accurately  
indicate  the  topography  for  each  radial,  and  the  graphs  should  be plotted  with  the  
distance  in  miles  as  the  abscissa  and  the  elevation  in  feet  above  mean sea  level  
as  the  ordinate.  The profile  graphs  should  indicate  the  source  of  the  topographical  
data  employed.  The graph  should  also  show the  elevation  of  the  center  of  the  
radiating  system.  The graph  may be  plotted  either  on rectangular  coordinate  paper  
or  on special  paper  which  shows  the  curvature  of  the  earth.  It  is  not necessary  
to  take  the  curvature  of  the  earth  into  consideration  in this  procedure,  as  this  
factor  is  taken  care  of  in  the  chart  showing  signal  intensities  (Fig.  1 of  § 3-333)-

(h)  The foregoing  process  of  determining  the  extent  of  the  required  contours  
shall  be followed  in determining the  boundary  of  the  proposed  service  area.  The 
areas  within  the  required  contours  must  be determined  and  submitted  with  each  
application  for  an  FM broadcast  station.  Each  application  shall  include  a map 
showing  these  contours,  and  for  this  purpose  sectional  aeronautical  charts  or  
other  maps having  a convenient  scale  may be used.  The map shall  show the  radials  
along  which  the  profile  charts  and  expected  field  strengths  have  been  determined.  
The area  within  each  contour  should  then  be measured  (by  planimeter  or  other  approx 
imate means)  to  determine  the  number  of  square  miles  therein.  In  computing  the  
area  within  the  contours,  exclude  (1)  areas  beyond  the  borders  of  the  United  States,  
and  (2)  large  bodies  of  water,  such  as  ocean  areas,  gulfs,  sounds,  bays,  large  lakes,  
etc .,  but  not  rivers .
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(j)  In  determining  the  population  served  by  FM broadcast  stations,  it  is  
considered  that  the  built-up  city  areas  and  business  districts  in  cities  having  
over  10,000  population  and  located  beyond  the  1 mv/m contour  do not  receive  
adequate  service.  Minor  civil  division  maps (1950  census)  should  be used  in  
making population  counts,  excluding  cities  not  receiving  adequate  service.  Where 
a contour  divides  a minor  division,  uniform  distribution  of  population  within  the  
division  should  be assumed  in  order  to  determine  the  population  included  within  
the  contour  unless  a more  accurate  count  is  available.

(b)  The Commission  will  not  ordinarily  require  the  submission  of topographi 
cal  maps for  areas  beyond  15  miles  from  the  antenna  site,  but  the  maps must  in 
clude  the  principal  city  or  cities  to  be served.  If  it  appears  necessary,  addi 
tional  data  may be requested.

§ 3-312  Topographic  data. —(a)  In  the  preparation  of  the  profile  graphs  pre 
viously  described,  and  in determining  the  location  and  height  above  mean sea  level  
of  the  antenna  site,  the  elevation  or  contour  intervals  shall  be taken  from  United  
States  Geological  Survey  Topographic  Quadrangle  Maps,  United  States  Army Corps  of  
Engineers  Maps or  Tennessee  Valley  Authority  maps,  whichever  is  the  latest,  for  
all  areas  for  which  such  maps are  available.  If  such  maps are  not  published  for  
the  area  in  question,  the  next  best  topographic  information  should  be used.  Topo
graphic  data  may sometimes  be obtained  from  state  and  municipal  agencies.  The 
data  from  the  Sectional  Aeronautical  Charts  (including  bench  marks)  or  railroad  
depot  elevations  and  highway  elevations  from  road  maps may be used  where  no  better  
information  is  available.  In  cases  where  limited  topographic  data  can  be obtained,  
use  may be  made of  an  altimeter  in  a car  driven  along  roads  extending  generally  
radially  from  the  transmitter  site.

(i)  In  cases  where  the  terrain  in  one  or  more  directions  from  the  antenna  site  
departs  widely  from  the  average  elevation  of  the  2 to  10 mile  sector,  the  appli 
cation  of  this  prediction  method  may indicate  contour  distances  that  are  different  
from  those  which  may be expected  in  practice.  In  such  cases  the  prediction  method  
should  be followed,  but  a showing  may be made if  desired  concerning  the  distance  
to  the  contour  as  determined  by  other  means.  Such  showing  should  include  data  
concerning  the  procedure  employed  and  sample  calculations.  For  example,  a mountain  
ridge  may indicate  the  practical  limit  of  service  although  the  prediction  method  
may indicate  the  contour  elsewhere.  In  cases  of  such  limitation,  the  map of pre
dicted  coverage  should  show both  the  regular  predicted  area  and  the  area  as  limited  
or  extended  by  terrain.  Both  areas  should  be measured  as  previously  described;  
the  area  obtained  by  the  regular  prediction  method  should  be given  in the  applica 
tion  form,  with  a supplementary  note  giving  the  limited  or  extended  area.  In  
special  cases  the  Commission  may require  additional  information  as  to  the  terrain  
in  the  proposed  service  area.

(c)  The United  States  Geological  Survey  Topography  Quadrangle  Sheets  may 
be obtained  from  the  United  States  Geological  Survey  Department  of  the  Interior,  
Washington,  D.C.,  for  20 cents  each.  The Sectional  Aeronautical  Charts  are  avail 
able  from  the  United  States  Coast  and  Geodetic  Survey,  Department  of  Commerce,  
Washington,  D.C.,  for  25 cents  each.  These  maps may also  be secured  from  branch  
offices  and  from  authorized  agents  or  dealers  in  most  principal  cities.
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Channel  separation:  
Same channel  -
200  kc  
400  kc  
600  kc  
800  kc

Ratio  of  desi red  t o 
•undesired  signals  

10:1.  
2:1.  
1:10.  
1:100.

No restriction.

(e)  In  determining  the  points  at  which  the  interference  ratio  is  equal  to  
the  values  shown  in  paragraph  (b)  of  this  section.,  the  field  intensities  for  the  
two  interfering  signals  under  consideration  should  be computed  for  a considerable  
number  of points  along  the  line  between  the  two  stations.  Using  this  data,  field  
intensity  versus  distance  curves  should  be plotted  (e.  g. ,  cross-curves  on graph  
paper)  in  order  to  determine  the  points  on this  path  where  the  interference  ratios  
exist.  The points  established  by  this  method  together  with  the  points  along  the  
contours  where  the  same ratios  are  determined,  are  considered  to  be generally  
sufficient  to  predict  the  area  of  interference.  Additional  points  may be required  
in  the  case  of  irregular  terrain  or  the  use  of  directional  antenna  systems.

(c)  Stations  normally  will  not  be authorized  to  operate  in  the  same city  or  
in  nearby  cities  with  a frequency  separation  of  less  than  800  kc.:  Provided ,  That  
stations  may be authorized  to  operate  in  nearby  cities  with  a frequency  separation  
of not  less  than  400  kc.  where  necessary  in  order  to  provide  an equitable  and  
efficient  distribution  of  facilities:  And pro vided  further ,  That  class  B  stations  
will  not  be authorized  in  the  same metropolitan  district  with  a frequency  separa 
tion  of  less  than  800  kc.  In  the  assignment  of  FM broadcast  facilities  the  Com
mission  will  endeavor  to  provide  the  optimum  use  of  the  channels  in the  band,  and  
accordingly  may assign  a channel  different  from  that  requested  in  an  application.

(f)  The area  of  interference,  if  any,  shall  be shown  in  connection  with  the  
map of  predicted  coverage  required  by  the  application  form,  together  with  the  basic  
data  employed  in  computing  such  interference.  The map shall  shov  the  interference  
within  the  50  uv/m  contour.

(d)  In  predicting  the  extent  of  interference  within  the  ground  wave service  
area  of  a  station,  use  should  be  made of  the  groundwave  chart.  (Figure  1 of  § 3-333-)

Intermediate  frequency  amplifiers  of  most  FM broadcast  receivers  are  designed  
to  operate  on  10.7  megacycles.  For  this  reason  the  assignment  of  two  stations  in  
the  same area,  one  with  a frequency  10.6  or  10.8  megacycles  removed  from  that  of  
the  other,  should  be  avoided  if  possible.

(b)  Objectionable  interference  is  considered  to  exist  when the  interfering  
signal  exceeds  that  given  by  the  following  ratios.  (The  desired  signal  is  median  
field  and  the  undesired  signal  is  the  tropospheric  signal  intensity  exceeded  for  
1 percent  of  the  time.)

§ 3 ’ 313 Interfe r ence  stan dard.--(a)  Field  intensity  measurements  are  preferable  
in  predicting  interference  between  FM broadcast  stations  and  should  be used,  when 
available,  in  determining  the  extent  of  interference.  (For  methods  and  procedure,  
see  § 3-314.)  In  lieu  of  measurements,  the  interference  should  be predicted  in  
accordance  with  the  method  described  herein.
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(d)  After  the  measurements  are  completed,  the  recorder  chart  shall  he divided  
into not  less  than  15 sections  on  each  equivalent  radial  from  the  station,  
field  intensity  in  each  section  of  the  chart  shall  be analyzed  to  determine  the  
field  intensity  received  50  percent  of  the  distance  (median  field)  throughout  the  
section,  and  this  median  field  intensity  associated  with  the  corresponding  sector  
of  the  radial.  The field  intensity  figures  must  be corrected  for  a receiving  an
tenna  elevation  of  30 feet  and  for  any  directional  effects  of  the  automobile  not  
otherwise  compensated.  This  data  should  be plotted  for  each  radial,  using  log-log  
coordinate  paper  with  distance  as  the  abscissa  and  field  intensity  as  the  ordinate.  
A smooth  curve  should  be drawn  through  these  points  (of  median  fields  for  all  
sectors),  and  this  curve  used  to  determine  the  distance  to  the  desired  contour.  
The distances  obtained  for  each  radial  may then  be plotted  on the  map of  predicted  
coverage  or  on  polar  coordinate  paper  (excluding  water  areas,  etc.)  to  determine  
the  service  and  interference  areas  of  a station.

§ 3 ’ 31*+  Field  intensity  measurements  in  allocation .--(a)  When field  intensity  
measurements  are  required  by  the  Commission's  rules  or  when employed  in  determining  
the  extent  of  service  or  interference  of  existing  stations,  such  measurements  
should  be made in  accordance  with  the  procedure  outlined  herein.

(b)  Measurements  made to  determine  the  service  and  interference  areas  of  FM 
broadcast  stations  should  be  made with  mobile  equipment  along  roads  which  are  as  
close  and  similar  as  possible  to  the  radials  showing  topography  which  were  submitted  
with  the  application  for construction  permit.  Suitable  measuring  equipment  and  a 
continuous  recording  device  must  be employed,  the  chart  of  which  is  either  directly  
driven  from  the  speedometer  of  the  automobile  in  which  the  equipment  is  mounted  or  
so  arranged  that  distances  and  identifying  landmarks  may be readily  noted.  The 
measuring  equipment  must  be calibrated  against  recognized  standards  of  field  in 
tensity  and  so  constructed  that  it  will  maintain  an acceptable  accuracy  of  measure 
ment  while  in  motion  or  when stationary.  The equipment  should  be so  operated  that  
the  recorder  chart  can  be calibrated  directly  in  field  intensity  in  order  to  
facilitate  analysis  of  the  chart.  The receiving  antenna  shall  be primarily  re 
sponsive  to  the  horizontal  electric  field  and  should  be nondirectional  unless  
otherwise  authorized.  Authorization  to  use  a half-wave  dipole  may be requested  
by  filing  application  with  the  Commission  prior  to  the  making  of  measurements.  
The application  may be filed  by  letter  describing  the  proposed  antenna,  the  method  
of  installation  and  operation,  and  calibration  procedures.  Such  authorization  
will  remain  in  effect  throughout  the  series  of measurements  for  which  granted.

(c)  Mobile  measurements  should  be made with  a minimum  chart  speed  of  3 inches  
per  mile  and  preferably  5 or  6 inches  per  mile.  Locations  shall  be noted  on the  
recorder  chart  as  frequently  as  necessary  to  definitely  fix  the  relation  between  
the  measured  field  intensity  and  the  location.  The time  constant  of  the  equipment  
should  be such  to  permit  adequate  analysis  of  the  charts,  and  the  time  constant  
employed  shall  be shorn.  Measurements  should  be made to  a point  on each  radial  
well  beyond  the  particular  contour  under  investigation.  The transmitter  power  
shall  be  maintained  as  close  as  possible  to  the  authorized  power  throughout  the  
survey.

(e)  In  making  measurements  to  establish  the  field  intensity  contours  of  a 
station,  mobile  recordings  should  be  made along  each  of  the  radials  drawn  in  
§ 3-311  (e).  Measurements  should  extend  from  the  vicinity  of  the  station  out  to



3-315  (a)3.31^  (e)  -

(g)

(H) A representative  sample  of  the  recording  tape,  including  calibration.

(5) Antenna  system  and  power  employed  during  the  survey.
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(i)  All  data  shall be submitted  to  the  Commission  in triplicate.
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Name, address,  and  qualifications  of  the  engineer  or  engineers  
making  the  measurements .

(h)  Complete  data  taken  in  conjunction  with  field  intensity  measurements  
shall  be  submitted  to  the  Commission  in  affidavit  form  including  the  following: zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA

(3) A full  description  of  the  procedures  and  methods  employed  including  
the  type  of  equipment,  the  method  of  installation  and  operation,  and  calibration  
procedures .

the  1 mv/m measured  contour  and  somewhat  beyond  (at  the  present  time  it  is  not  
considered  practical  to  conduct  mobile  measurements  far  beyond  this  contour  due  
to the  fading  ratio  at weak fields,  which  complicates  analysis  of  the  charts).  
These  measurements  would  be  made for  the  purpose  of  determining  the  variation  
of  the  measured  contours  from  those  predicted,  and  it  is  expected  that  initially  
the  correlation  of  the  measured  1 mv/m with  the  predicted  1 mv/m contour  will  be  
used  as  a basis  in determining  adherence  to  authorized  service  areas  within  the  
50 uv/m  contour.

In  certain  cases  the  Commission  may desire  more information  or  record 
ings  and  in  these  instances  special  instructions  will  be issued.  This  may include  
fixed  location  measurements  to  determine  tropospheric  propagation  and  fading  ratios.

§ 3-315  Transmitter  location . —(a)  The transmitter  location  should  be as  near  
the  center  of  the  proposed  service  area  as  possible  consistent  with  the  applicant's  
ability  to  find  a site  with  sufficient  elevation  to  provide  service  throughout  the  
area.  Location  of  the  antenna  at  a point  of  high  elevation  is  necessary  to  reduce  
to  a minimum  the  shadow  effect  on  propagation  due  to  hills  and buildings  which  may

.  mv/m mark
The distance  to  the  50  uv/m  contour  is  then  given  opposite  the  50 uv/m

(2)  If  a directional  transmitting  antenna  is  employed,  a diagram  on 
polar  coordinate  paper  showing  the  predicted  free  space  field  intensity  in  milli 
volts  per  meter  at  one  mile  in  all  directions.  (See  § 3-316.)

(f)  In  addition  to  the  1 mv/m contour,  the  map of  measured  coverage  shall  
show the  50 uv/m  contour  as  determined  by  employing  Figure  1 of  § 3-333  and  the  
distance  to  the  1 mv/m contour  along  each  radial.  The sliding  scale  shall  be placed  
on the  figure  at  the  appropriate  antenna  height  for  the  radial  in  question  and  then  
moved so  the  distance  to  the  1 mv/m contour  (as  measured)  and  the  1 mv/m mark  are  
opposite.  The distance  to  the  50  uv/m  contour  is  then  given  opposite  the  50 uv/m  
mark  on  the  scale .

(1)  Map or  maps showing  the  roads  or points  where  measurements  were  
made,  the  service  and/or  interference  areas  determined  by  the  prediction  method  
and  by  the  measurements,  and  any  unusual  terrain  characteristics  existing  in  
these  areas.  (This  map may preferably  be of  a type  showing  topography  in  the  
area .)
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(d)  Present  information is  not  sufficiently  complete  to  establish  "blanket  
areas"  of  PM broadcast  stations,  which  are  defined  as  those  areas  adjacent  to  the  
transmitters  in  which  the  reception  of  other  stations  is  subject  to  interference  
due  to  the  strong  signal  from  the  stations.  Where it  is  found  necessary  to  locate  
the  transmitter  in  a  residential  area  where  blanketing  problems  may appear  to  be 
excessive,  the  application  must  include  a showing  concerning  the  availability  of  
other  sites.  The authorization  of  station  construction  in  areas  where  blanketing  
problems  appear  to  be excessive  will  be on  the  basis  that  the  applicant  will  assune  
full  responsibility  for  the  adjustment  of  reasonable  complaints  arising  from  
excessively  strong  signals  of  the  applicant's  station.  As a means of minimizing  
interference  problems  it  is  expected  that  stations  adjacent  in  location  will  gen 
erally  be assigned  frequencies  that  are  generally  adjacent.  Insofar  as  is  feasible,  
frequency  assignments  for  stations  at  separated  locations  will  also  be separated.

(b)  The transmitting  location  should  be selected  so  that  the  1 mv/m contour  
encompasses  the  urban  population  within  the  area  to  be  served  and  the  50 uv/m  
or the  interference  free  contour  coincides  generally  with  the  limits  of  the  area  
to be served.  It  is  recognized  that  topography,  shape  of  the  desired  service  area,  
and  population  distribution  may make the  choice  of  a transmitter  location  difficult.  
In  such  cases  consideration  may be given  to  the  use  of  a directional  antenna  system,  
although  it  is  generally  preferable  to  choose  a site  where  a nondirectional  antenna  
may be employed.

reduce  materially  the  intensity  of  the  station's  signals  in  a particular  direction.  
The transmitting  site  should  be selected  consistent  with  the  purpose  of  the  sta 
tion,  i.  e.,  whether  it  is  intended  to  serve  a small  city,  a metropolitan  area,  
or  a large  region.  Inasmuch  as  service  may be provided  by  signals  of  1 mv/m or  
greater  field  intensities  in  metropolitan  areas,  and  inasmuch  as  signals  as  low  
as  20 uv/m  may provide  service  in  rural  areas,  considerable  latitude  in  the  geo 
graphical  location  of  the  transmitter  is  permitted;  however,  the  necessity  for  a 
high  elevation  for  the  antenna  may render  this  problem  difficult.  In  general,  
the  transmitting  antenna  of  a station  should  be located  at  the  most  central  point  
at  the  highest  elevation  available.  In  providing  the  best  degree  of  service  to  
an  area,  it  is  usually  preferable  to  use  a high  antenna  rather  than  a lower  an
tenna  with  increased  transmitter  power.  The location  should  be so  chosen  that  line-  
of-sight  can  be obtained  from  the  antenna  over  the  principal  city  or  cities  to  be 
served;  in  no event  should  there  be  a major  obstruction  in  this  path.

blems  may be expected,  
locations,  the  Commission  may require  site  tests  to be made,  
be  made in  accordance  with  the  measurement  procedure  previously  described,  and  
full  data  thereon  must  be supplied  to  the  Commission.  Test  transmitters  should  
employ  an  antenna  having  a height  as  close  as  possible  to  the  proposed  antenna  
height,  using  a balloon  or  other  support  if necessary  and  feasible.  Information  
concerning  the  authorization  of  site  tests  may be obtained  from  the  Commission  
upon  request.

In  cases  of  questionable  antenna  locations  it  is  desirable  to  conduct  
propagation  tests  to  indicate  the  field  intensity  expected  in  the  principal  city  
or  cities  to  be served  and  in  other  areas,  particularly  where  severe  shadow  pro 

In  considering  applications  proposing  the  use  of  such  
Such  tests  should

(e)  Cognizance  must  of  course  be taken  regarding  the  possible  hazard  of  the  
proposed  antenna  structure  to  aviation  and  the  proximity  of  the  proposed  site  to  
airports  and  airways.  Procedures  and  standards  with  respect  to  the  Commission's
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(1)  Complete  description  of  the  proposed  antenna  system.
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(3) Calculated  field  intensity  pattern  (on  letter-size  polar  coordinate  
paper)  giving  the  free  space  field  intensity  in  millivolts  per meter  at  one  mile  
in the  horizontal  plane,  together  with  the  formula  used,  constants  employed,  sample  
calculations  and  tabulation  of  calculation  data.

(c)  Applications  proposing  the  use  of  directional  antenna  systems  must  be 
accompanied  by  the  following:

consideration  of  proposed  antenna  structures  which  will  serve  as  a guide  to  persons  
intending  to  apply  for  radio  station  licenses  are  contained  in  Part  17 of  this  
chapter  (Pules  Concerning  the  Construction,  Marking  and  Lighting  of  Antenna  Struc 
tures)  .

(4-)  Name, address,  and  qualifications  of  the  engineer  making  the  cal 
culations  .

(b)  The antenna  must  be constructed  so  that  it  is  as  clear  as  possible  of  
surrounding  buildings  or  objects  that  would  cause  shadow  problems.

(f)  When an  PM broadcast  antenna  is  mounted  on a nondirectional  standard  
broadcast  antenna,  new resistance  measurements  must  be  made of  the  standard  
broadcast  antenna  after  installation  and  testing  of the  FM broadcast  antenna.  
During  the  installation  and  until  the  new resistance  determination  is  approved,  
the  standard  broadcast  station  licensee  should  apply  for  authority  (informal  
application)  to  operate  by  the  indirect  method  of  power  determination.  The PM 
broadcast  license  application  will  not  be considered  until  the  application form  
concerning  resistance  measurements  is  filed  for  the  standard  broadcast  station.

§ 3.316  Antenna  systems . —(a)  It  shall  be  standard  to  employ  horizontal  
polarization;  however,  circular  or  elliptical  polarization  may be employed  if  
desired.  Clockwise  or  counterclockwise  rotation  may be used.  The supplemental  
vertically  polarized  effective  radiated  power  required  for  circular  or  elliptical  
polarization  shall  in  no event  exceed  the  effective  radiated  power  authorized.

(d)  Applications  proposing  the  use  of FM broadcast  antennas  in the  immediate  
vicinity  (i.e.,  200  feet  or  less)  of  (1)  other  FM broadcast  antennas,  or  (2)  tele 
vision  broadcast  antennas  for  frequencies  adjacent  to  the  FM broadcast  band,  must  
include  a showing  as  to  the  expected  effect,  if  any,  of  such  proximate  operation.

(e)  In  cases  where  it  is  proposed  to  use  a tower  of  a standard  broadcast  
station  as  a supporting  structure  for  an  FM broadcast  antenna,  an  application for  
construction  permit  (or  modification  of  construction  permit)  for  such  station  must  
be filed  for  consideration  with  the  FM application.  Applications  may be required  
for  other  classes  of  stations  when their  towers  are  to  be used  in  connection  with  
FM broadcast  stations.

(2)  Orientation  of  array  with  respect  to  true  north;  time  phasing  of  
fields  from  elements  (degrees  leading  or  lagging);  space  phasing  of  elements  (in  
feet  and  in degrees);  ratio  of  fields  from  elements.
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(1)
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(1)  Standard  power  ratings  and  operating  power  range  of  FM broadcast  
transmitters  shall  be in accordance  with  the  following  table:

painting  or  lighting  requirements.
shall  assume  such  responsibility  and  advise  the  Commission  accordingly.

(j)  In  the  event  a common tower  is  used  by  two  or  more  licensees  for  an
tenna and/or  antenna  supporting  purposes,  the  licensee  who is  owner  of  the  tower  
shall  assume full  responsibility  for  the  installation  and  maintenance  of  any

In  the  event  of  shared  ownership,  one  licensee

(g)  When an  FM broadcast  antenna  is  mounted  on an element  of  a standard  
broadcast  directional  antenna,  a full  engineering  study  concerning  the  effect  of  
the FM broadcast  antenna  on  the  directional  pattern  must  be filed  with  the  
application  concerning  the  standard  broadcast  station.  Depending  upon  the  
individual  case,  the  Commission  may require  readjustment  and  certain  field  
intensity  measurements  of  the  standard  broadcast  station  following  the  completion  
of  the FM broadcast  antenna  system.

(h)  When the  proposed  FM broadcast  antenna  is  to  be mounted  on a tower  in  
the  vicinity  of  a standard  broadcast  directional  array  and  it  appears  that  the  
operation  of  the  directional  antenna  system  ma.y  be affected,  an engineering  study  
must  be filed  with  the  FM broadcast  application  concerning  the  effect  of  the FM 
broadcast  antenna  on  the  directional  pattern.  Readjustment  and  field  intensity  
measurements  of  the  standard  broadcast  station  may be required  following  construc 
tion  of  the  FM broadcast  antenna.

(1)  When necessary  for  the  protection  of  air  navigation,  the  antenna  and  
supporting  structure  shall  be painted  and  illuminated  in  accordance  with  the  
specifications  supplied  by  the  Commission  pursuant  to  section  303  (q)  of  the  
Communications  Act  of  193^-,  as  amended.

Information regarding  data  required  in  connection  with  standard  broad 
cast  directional  antenna  systems  may be found  in  § 3.I5O  of  this  chapter,  
also  Standard  Broadcast  Technical  Standards .)

§ 3-317  Transmitters  and  associated  equipment .--( a ) Electrical  performance  
standards ■—The general  design  of  the  FM broadcast  transmitting  system  (from  input  
terminals  of  microphone  preamplifier,  through  audio  facilities  at  the  studio,  
through  lines  or  other  circuits  between  studio  and  transmitter,  through  audio  
facilities  at  the  transmitter,  and  through  the  transmitter,  but  excluding  equalizers  
for  the  correction  of  deficiencies  in  microphone  response)  shall  be in  accordance  
with  the  following  principles  and  specifications:

(k)  It  is  recommended  that  an emergency  FM broadcast  antenna  be  installed,  
or,  alternately,  an  auxiliary  transmission-  line  or  lines  if  feasible  in  the  par 
ticular  circumstances.  Data  thereon  should  be supplied  with  the  application  for  
construction  permit;  if proposed  after  station  construction,  an informal  application  
should  be submitted  to  the  Commission.
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^For  noncommercial  educational  FM stations.
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Modulating  frequency:
50 to  100  cycles  ----  
100  to  7,500  cycles  — 
7,500  to  15,000  cycles

(ii)  The transmitter  shall  operate  satisfactorily  in  the  operating  
power  range  with  a frequency  swing  of  t75  kilocycles,  which  is  de
fined  as  100  percent  modulation.

Distortion  
percent  

3-5
2-  5
3-  0zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA

(3) At  any  modulation  frequency  between  50 and  15,000  cycles  and  at  
modulation  percentages  of  25,  50,  and  100 percent,  the  combined  audio  frequency  
harmonics  measured  in the  output  of  the  system  shall  not  exceed  the  root-mean 
square  values  given  in  the  following  table:

(i)  Measurements  shall  be made employing  75 microsecond  deemphasis  
in the  measuring  equipment  and  75 microsecond  preemphasis  in  the  
transmitting  equipment,  and  without  compression  if  a compression

(i)  Composite  transmitters  may be authorized  with  a power  rating  
different  from  the  above  table,  provided  full  data  is  supplied  in  
the  application  concerning  the  basis  employed  in establishing  the  
rating  and  the  need  therefor.  The operating  range  of  such  trans 
mitters  shall  be from  one-third  of  the  power  rating  to  the  power  
rating.

Standard  power  rating:
10  watts  1------
250 watts ---- —7
1 kw----------
3 kw----------
5 kw----------
10 kw---------
25 kw---------
50  kw----------
100  kw --------

Operating  power  
range

10 watts  or  less.
250  watts  or  less.
250  watts  -  1 kw.
1 -  3 kw.
1 -  5 kw.
3 -  10 kw.
10 -  25 kw.
10 -  50 kw.
50 -  100  kw.

(2)  The transmitting  system  shall  be capable  of  transmitting  a band  of  
frequencies  from  50 to  15,000  cycles.  Preemphasis  shall  be employed  in  accord 
ance  with  the  impedance-frequency  characteristic  of  a series  inductance-resistance  
network  having  a time  constant  of  75  microseconds.  (See  Fig.  2 of  § 3-333.)  The 
deviation  of  the  system  response  from  the  standard  preemphasis  curve  shall  lie  
between  two  limits  as  shown  in  Figure  2 of  § 3.333-  The upper  of  these  limits  
shall  be  uniform  (no  deviation)  from  50 to  15,000  cycles.  The lower  limit  shall  
be  uniform  from  100  to  7,500  cycles,  and  3 db.  below  the  upper  limit;  from  100  
to  50 cycles  the  lower  limit  shall  fall  from  the  3 db-  limit  at  a uniform  rate  
of  1 db.  per  octave  (k  db.  at  50 cycles);  from  7,500  to  15,000  cycles  the  lower  
limit  shall  fall  from  the  3 db.  limit  at  a uniform  rate  of  2 db.  per  octave  
(5  db.  at  15,000  cycles).
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Harmonics  shall be included  to  30 kc.amplifier  is  employed.

(6)  Automatic  means shall  be provided  in  the  transmitter  to  maintain
the  assigned  center  frequency  within  the  allowable  tolerance  (12000  cycles).

"8191. Transmitters  shall  comply  with  the  following:General.

"a. The transmitter  shall  be enclosed  in  a metal  frame  orEnclosing.
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(9) Adequate  provision  shall  be provided  in  all  component  parts  to  avoid  
overheating  at  the  rated  maximum output  power.

(10)  Means should  be  provided  for  connection  and  continuous  operation  
of  approved  frequency  and  modulation  monitors .

(b)  Construction . —In  general,  the  transmitter  shall  be constructed  either  
on racks  and  panels  or  in  totally  enclosed  frames  protected  as  required  by  article  
810  of  the  National  Electrical  Code and  set  forth  below:

(8)  Adequate  provision  shall  be made for  varying  the  transmitter  output  
power  to  compensate  for  excessive  variations  in  line  voltage  or  for  other  factors  
affecting  the  output  power.

(11)  If  a limiting  or  compression  amplifier  is  employed,  precaution  
should  be  maintained  in  its  connection  in  the  circuit  due  to  the  use  of  preem 
phasis  in  the  transmitting  system.

(5) The transmitting  system  output  noise  level  (amplitude  modulation)  
in the  band  of  50 to  15?000  cycles  shall  be at  least  50 decibels  below  the  level  
representing  100  percent  amplitude  modulation.  The noise-measuring  equipment  
shall  be provided  with  standard  75-microsecond  deemphasis;  the  ballistic  character 
istics  of  the  instrument  shall  be similar  to those  of  the  standard  VU meter.

(U)  The transmitting  system  output  noise  level  (frequency  modulation)  
in the  band  of  50 to  15,000  cycles  shall  be at  least  60 decibels  below  100  percent  
modulation  (frequency  swing  of  +75  kilocycles).  The measurement  shall  be made 
using  UOO cycle  modulation  as  a reference.  The noise-measuring  equipment  shall  
be  provided  with  standard  75  microsecond  deemphasis;  the  ballistic  characteristics  
of  the  instrument  shall  be similar  to  those  of  the  standard  VU meter.

(7)  The transmitter  shall  be equipped  with  suitable  indicating  instru 
ments  for  the  determination  of  operating  power  and  with  other  instruments  as  are  
necessary  for  proper  adjustment,  operation,  and  maintenance  of  the  equipment  (see  
§ 3-320).

(ii)  It  is  recommended  that  none  of  the  three  main  divisions  of the  
system  (transmitter,  studio  to  transmitter  circuit,  and  audio  facil 
ities)  contribute  over  one-half  of  these  percentages  since  at  some 
frequencies  the  total  distortion  may become the  arithmetic  sum of  
the  distortions  of  the  divisions.

NOTE: The pertinent  sections  of  article  810  of  the  National  Electrical  Code 
read  as  follows :
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grille,  or  separated  from  the  operating  space by  a  barrier  or  other  equivalent  
means,  all  metallic  parts  of  which  are  effectually connected  to  ground.

(ii)  Power  equipment  and  control  panels  of  the  transmitter  shall  
meet  the  above  requirements  (exposed  220  volt  AC switching  equipment  
on  the  front  of  the  power  control  panels  is  not  recommended  but  is  
not  prohibited).

(iii)  Power  equipment  located  at  a broadcast  station  but  not  dir 
ectly  associated  with  the  transmitter  (not  purchased  as  part  of  
same),  such  as  power  distribution  panels,  are  not  under  the  Juris 
diction  of  the  Commission;  therefore  § 3-254  does  not  apply.

(3)  All  plate  supply  and  other  high  voltage  equipment,  including  trans 
formers,  filters,  rectifiers  and  motor  generators,  shall  be  protected  so  as  to  
prevent  injury  to  operating  personnel.

(1)  Means shall  be  provided  for  making  all  tuning  adjustments,  requiring  
voltages  in  excess  of  350  volts  to  be applied  to  the  circuit,  from  the  front  of  the  
panels  with  all  access  doors  closed.

(2)  Proper  bleeder  resistors  or  other  automatic  means shall  be installed  
across  all  capacitor  banks  to  lower  any  voltage  which  may remain  accessible  with  
access  door  open  to  less  than  350  volts  within  2 seconds  after  the  access  door  is  
opened.

"b.  Grounding  of  controls . All  external  mettalic  handles  and  controls  
accessible  to  the  operating  personnel  shall  be effectually  grounded.  No cir 
cuit  in  excess  of  150  volts  shall  have  any  parts  exposed  to  direct  contact.  
A complete  dead-front  type  of  switchboard  is  preferred.

(ii)  In  case  the  plate  voltmeter  is  located  on  the  low  potential  
side  of  the  multiplier  resistor  with  the  potential  of  the  high  poten 
tial  terminal  of  the  instrument  at  or  less  than  1.000  volts  above

"c.  Interlocks  on  doors . All  access  doors  shall be  provided  with  inter 
locks  which  will  disconnect  all  voltages  in  excess  of  350  volts  when any  access  
door  is  opened."

(i)  All  instruments  having  more  than  1,000  volts  potential  to  ground  
on  the  movement  shall  be  protected  by  a cage  or  cover  in addition  to  
the  regular  case.  (Some instruments  are  designed  by  the  manufacturer  
to  operate  safely  with  voltages  in  excess  of  1,000  volts  on the  move
ment.  If  it  can  be shown  by  the  manufacturer's  rating  that  the  instru  
ment  will  operate  safely  at  the  applied  potential,  additional  pro 
tection  is  not  necessary. )

(i)  Commutator  guards  shall  be provided  on  all  high  voltage  rotating  
machinery.  Coupling  guards  should  be provided  on  motor  generators.
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(d)  Installation . —(1)  The installation  shall  be made in  suitable  quarters.
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(U)  All  stages  or  units  shall  be adequately  shielded  and  filtered  to  
prevent  interaction  and  radiation.

(2)  Since  an operator  must  be on  duty  at  the  transmitter  control  point  
during  operation,  suitable  facilities  for  his  welfare  and  comfort  shall  be provided  
at  the  control  point. zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA

(5) The frequency  and  modulation  monitors  and  associated  radio  frequency  
lines  to  the  transmitter  shall  be thoroughly  shielded.

(3) Circuits  carrying  radio  frequency  energy  between  units  shall  be 
coaxial,  two  wire  balanced  lines,  or  properly  shielded.

(iii)  Transmission  line  meters  and  any  other radio  frequency  instru 
ment  which  may be  necessary  for  the  operator  to  read  shall  be so  
installed  as  to  be easily  and  accurately  read  without  the  operator  
having  to  risk  contact  with  circuits  carrying  high  potential  radio  
frequency  energy.

Spares  required
1
2
3
4

(5) It  is  recommended  that  component  parts  comply  as  much as  possible  
with  the  component  specifications  designated  by  the  Army-Navy  Electronics  Standards  
Agency.

(2)  Wiring  between  units  of  the  transmitter,  with  the  exception  of  cir 
cuits  carrying  radio  frequency  energy,  shall  be installed  in  conduits  or  approved  
fiber  or metal  raceways  for  protection  from  mechanical  injury.

Number of  each  type  employed:
1 or  2---------------
3 to  5---------------
6 to  8---------------
9 or  more  ------------

ground,  no  protective  case  is  required.  However,  it  is  good  practice  
to  protect  voltmeters  subject  to  more  than  5,000  volts  with  suitable  
over-voltage  protective  devices  across  the  instrument  terminals  in  
case  the  widing  opens.

(e)  Spare  tubes . —A spare  tube  of  every  type  employed  in  the  transmitter  and  
frequency  and  modulation  monitors  shall  be kept  on hand  at  the  equipment  location.  
When more  than  one  tube  of  any  type  are  employed,  the  following  table  determines  
the  number  of  spares  of  that  type  required:

(c)  Wiring  and  shielding . —(1)  The transmitter  panels  or  units  shall  be 
wired  in  accordance  with  standard  switchboard  practice,  either  with  insulated  leads  
properly  cabled  and  supported  or  with  rigid  bus  bar  properly  insulated  and  protected.

An accurate  circuit  diagram  and  list  of  required  spare  tubes,  as  furnished  by  the  
manufacturer  of  the  equipment,  shall  be retained  at  the  transmitter  location.
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(3)

(b) The standard  index  of  cooperation  shall  he zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA98^.

(c) The number  of  scanning  lines  per  minute  shall  be 360.

The line-use  ratio  shall  be 7/8,  or  315'(d)

(e)

(16)

If  a limiting  or  compression  amplifier  is  employed,  care  should  be 
maintained  in  its  use  due  to  preemphasis  in  the  transmitting  system.

(ii)  Section  8191  of  article  810  of  the  National  Electrical  Code 
shall  apply  for  voltages  only  in  excess  of  500  volts.

(2)  No specific  requirements  are  made with  regard  to  the  microphones  
to  be employed.  However,  microphone  performance  (including  compensating  networks,  
if  employed)  shall  be  compatible  with  the  required  performance  of  the  transmitting  
system.

(1)  The maximum percentage  of  modulation  shall  be  maintained  in accord 
ance  with  § 3.268.  However,  precautions  shall  be taken  so  as  not  to  substantially  
alter  the  dynamic  characteristics  of  musical  programs.

or  U50 not  included  in  the  available  scanning  line  shall

(f)  Operation . —In  addition  to  specific  requirements  of  the  rules  governing  
FM broadcast  stations,  the  following  operating  requirements  are  specified:

(f)  An interval  of  not  more  than  12 seconds  shall  be available  between  two  
pages  of  subject  copy,  for  the  transmission  of  a page-separation  signal  and/or  
other  services.

1-28-56

(3) No specific  requirements  are  made relative  to  the  design  and  acousti 
cal  treatment  qf  studios.  However,  the  design  of  studios,  particularly  the  main  
studio,  shall  be compatible  with  the  required  performance  characteristics  of  EM 
broadcast  stations.

(2)  Spurious  emissions,  including  radio  frequency  harmonics,  shall  be 
maintained  at  as  low  a level  as  practicable  at  all  times  in  accordance  with  good  
engineering  practice .

(a)  Rectilinear  scanning  shall  be employed,  with  scanning  spot  progressing  
from  left  to  right  and  scanned  lines  progressing  from  top  to bottom  of  subject  
copy.

(i)  If  properly  covered  by  an  underwriter's  certificate,  it  will  
be considered  as  satisfying  safety  requirements.

(g)  Studio  equipment . --(1)  Studio  equipment  shall  be  subject  to  all  the  
above  requirements  where  applicable  except  as  follows:

§ 3-318  Facsimile:  engineering  standards . —The following  standards  apply  to  
facsimile  broadcasting  under  § 3.266:

i°  of  the  full  scanning  cycle.

The 1/8  cycle
be divided  into  3 equal  parts,  the  first  15°  being  used  for  transmission  at  approx 
imately  white  level,  the  second  15°  for  transmission  at  approximately  black  level,  
and  the  third  15°  for  transmission  at  approximately  white  level.
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engineering  standards.- -

(a)  Frequency  modulation  of  subcarrier  shall  be used.

(17)1-28-56

(g)  Amplitude  
shall  be used.

(b)  The instantaneous  frequency  of  the  subcarriers  shall  at  all  times  lie  
within  the  range  20 to 75 kilocycles.

(c)  The arithmetic  sum of  the  modulation  of  the  main  carrier  by  the  sub 
carriers  shall  not  exceed  30 percent.

(i)  Negative  modulation  shall  be used,  i.  e.,  for  amplitude  modulation  of  
subcarrier,  maximum subcarrier  amplitude  and  maximum radio  frequency  swing  on 
black;  for  frequency  modulation  of  subcarrier,  highest  instantaneous  frequency  
of  subcarrier  on  black.

(h)  Subcarrier  modulation  shall  normally  vary  approximately  linearly  with  
the  optical  density  of  the  subject  copy.

(j)  Subcarrier  noise  level  shall  be maintained  at  least  30 db.  below  max
imum (black)  picture  modulation  level,  at  the  radio  transmitter  input.

(k)  The facsimile  subcarrier  transmission  shall  be conducted  in  the  fre 
quency  range  between  22  and  28 kilocycles.  Should  amplitude  modulation  of  the  
subcarrier  be employed  the  subcarrier  frequency  shall  be 25 kilocycles  with  side 
bands  extending  not  more  than  3 kilocycles  in  either  direction  from  the  subcarrier  
frequency.  Should  frequency  modulation  of  the  subcarrier  be employed  the  total  
swing  of  the  subcarrier  shall  be  within  the  range  from  22  to  28 kilocycles,  with  
22 kilocycles  corresponding  to  white  and  28 kilocycles  corresponding  to  black  on 
the  transmitted  copy.  In  multiplex  operation  the  modulation  of  the FM carrier  by  
the  modulated  subcarrier  shall  not  exceed  5 percent.  In  simplex  operation  the  
modulation  of  the FM carrier  by  the  modulated  subcarrier  shall  not  exceed  30 per 
cent  .

§ 3•  319 Subsidiary  communications  multiplex  operation s: _____
The following  standards  apply  to  subsidiary  communications  multiplex  operations  
under  §§ 3-293  to  3.295.

or  frequency  (frequency-shift)  modulation  of  the  subcarrier

(1)  During  periods  of  multiplex  facsimile  transmission,  frequency  modulaticn  
of  the  FM carrier  caused  by  the  aural  signals  shall,  in the  frequency  range  from  
20 to  30  kilocycles,  be at  least  60 db.  below  100  percent  modulation.  Frequency  
modulation  of  the  FM carrier  caused  by  the  facsimile  signals  shall,  in  the  fre 
quency  range  from  50  to  15,000  cycles,  be at  least  60  db.  below  100  percent  modu
lation.

NOTE: Inasmuch  as  presently  approved  FM modulation  monitors  have  been  de
signed  to  meet  requirements  for  modulation  frequencies  of  from  50  to  15,000  cycles,  
the  use  of  such  monitors  for  reading  the  modulation  percentages  during  multiplex  
operation  may not  be appropriate  since  the  subcarriers  utilized  are  above  20,000  
cycles .

(d)  The total  modulation  of  the  main  carrier,  including  the  subcarriers,  
shall  meet  the  requirements  of  § 3.268.



3-319  (e)  -  3-320  (d)

Length  of  scale  shall  he not  less  than  2 3/10  inches.(1)

(2) Accuracy  shall  be at  least  2 percent  of  the  full  scale  reading.

Scale  shall  have  at  least  HO divisions .(3) zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA

(M

( d )

(2) Instruments  having  logarithmic  or  square  law  scales:

(c)  Radio  frequency  instruments  having  expanded  scales:

(18)1-28-56

(1)  Instruments  having  linear  scales  shall  meet  the  requirements  of  
paragraph  (a)  (1),  (2),  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA(3), and  (U)  of  this  section.

Instruments  indicating  transmission  line  current  or  voltage  shall  meet  
the  following  specifications:

(1)  Shall  meet  the  requirements  of  paragraph  (a)  (1),  (2),  and  (U)  of  
this  section  for  linear  scale  instruments.

(2)  No scale  division  above  one-fifth  full  scale  reading  shall  be 
greater  than  one-fiftieth  of  the  full  scale  reading.

(3)  The meter  face  shall be marked  with  the  words  
the  abbreviation  thereof  (E.  S.).

(e)  Frequency  modulation  of  the  main  carrier  caused  by  the  subcarrier  opera 
tion  shall,  in  the  frequency  range  50  to  15,000  cycles,  be at  least  60 db.  below  
100 percent  modulation.

(iii)  No scale  division  above  one-third  full  scale  reading  shall  
be greater  than  one-thirtieth  of  the  full  scale  reading.

Full  scale  reading  shall  not  be greater  than  five  times  the  
minimum  normal  indication.

(ii)  Full  scale  reading  shall  not  be greater  than  three  times  the  
minimum  normal  indication.

(i)  Shall  meet  the  requirements  of  paragraph  (a)  (1)  and  (2)  of  
this  section  for  linear  scale  instruments.

(d)  No required  instrument,  the  accuracy  of  which  is  questionable,  shall  be  
employed.  Repairs  and  recalibration  of  instruments  shall  be  made by  the  manufac 
turer,  or by  an  authorized  instrument  repair  service  of  the  manufacturer,  or  by  
some other  properly  qualified  and  equipped  instrument  repair  service.  In  any  
event  the  repaired  instrument  must  be supplied  with  a certificate  of  calibration.

§ 3.320  Indicating  instruments  — specifications . —The following  requirements  
and  specifications  shall  apply  to  indicating  instruments  used  by  FM broadcast  
stations:

"Expanded  scale"  or

(a)  Instruments  indicating  the  plate  current  or plate  voltage  of  the  last  
radio  stage  (linear  scale  instruments)  shall  meet  the  following  specifications:



3-331  (a)  -  3-331  (b)  (M

(20)1-28-56

(U)  Means shall  be  provided,  for  adjustment  of  the  monitor  indication  
to  agree  with  an  external  standard.

(3)  The scale  of  the  indicating  device  shall  be so  calibrated  as  to be 
accurately  read  within  at  least  100  cycles.

§ 3-331  Requirements  for  type  approval  of  frequency  monitors . —(a)  General  
requirements . --In  general  a frequency  monitor  for  KM broadcast  stations  requires  
a stable  source  of  radio  frequency  energy  whose  frequency  is  accurately  known  
and  a means of  comparing  the  transmitter  center  frequency  with  this  stable  source.  
The visual  indicator  is  calibrated  to  indicate  the  deviation  of  the  transmitter  
center  frequency  from  the  frequency  assigned. zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA

(3) No change  whatsoever  will  be permitted  in the  monitors  sold  under  
approval  number  issued  by  the  Commission  except  when the  licensee  or the  manu
facturer  is  specifically  authorized  to  make such  changes.  When it  is  desired  to  
make any  change,  either  mechanical  or  electrical,  the  details  shall  be submitted  
to  the  Commission  for  its  consideration.

(b)  General  specifications . —The general  specifications  that  frequency  moni 
tors  shall  meet  before  they  will  be approved  by  the  Commission  are  as  follows:  (hi  
connection  with  its  type  approval  of  FM equipment,  the  Commission  may send  a repre 
sentative  to  observe  tests  made of  such  equipment  by  the  manufacturer.)

(U)  Approval  is  given  subject  to  withdrawal  if  the  unit  proves  defective  
in  service  and  cannot  be relied  upon  under  usual  conditions  of  maintenance  and  op
eration  encountered  in  the  average  FM broadcast  station.  Withdrawal  of  approval  
means that  no  further  units  may be installed  by  FM broadcast  stations  for  the  pur 
pose  of  complying  with  § 3-252;  however,  this  will  not  affect  units  already  sold  
unless  it  is  found that  there  has  been  an unauthorized  change  in design  or  con 
struction  or  that  the  material  or  workmanship  is  defective.

(1)  The unit  shall  have  an accuracy  of  at  least  tlOOO  cycles  under  
ordinary  conditions  (temperature,  humidity,  power  supply  variations  and  other  
conditions  which  may affect  its  accuracy)  encountered  in  FM broadcast  stations  
throughout  the  United  States,  for  any  channel  within  the  FM broadcast  band.

. (2)  In  approving  a frequency  monitor  based  on these  tests  and  specifi 
cations,  the  CoTnmi  ss-i  on merely  recognizes  that  the  type  of  monitor  has  the  inherent  
capability  of  functioning  in  compliance  with  § 3-252,  if  properly  constructed,  
maintained  and  operated.  The Commission  accepts  no responsibility  beyond  this  and  
further  realizes  that  monitors  may have  a limited  range  over which  the  visual  
indicator  will  determine  deviations.  Accordingly,  it  may be necessary  that  adjunct  
equipment  be used  to  determine  major  deviations.

(2)  The range  of  the  indicating  device  shall  be at  least  from  2000  cycles  
below  to  2000  cycles  above  the  assigned  center  frequency.

(1)  Approval  of  a frequency  monitor  for  FM broadcast  stations  will  be 
considered  on  the  basis  of  data  submitted  by  the  manufacturer.  Any  manufacturer  
desiring  to  submit  a monitor  for  approval  shall  supply  the  Commission  with  full  
details  (two  sworn  copies).



3-331 tsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA(b)  (5) -  3-332  (b)(1)

(6)

(1)  Constancy  of  oscillator  frequency  as  measured  several  times  in
1 month.

(3) Accuracy  of  readings  of  the  frequency  deviation  instrument. zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA

(M Functioning  of  frequency  adjustment  device.

(5)

(6)  Response  of  indicating  instrument  to  small  changes  of  frequency.

(21)1-28-56

(1)  A means for  insuring  that  the  transmitter  input  to  the  modulation  
monitor  is  proper.

The monitor  shall  be capable  of  continuous  operation  and  its  cir-  
such  as  to  penult  continuous  monitoring  of  the  transmitter  center

(5)  
cuit  shall  be 
frequency.

( c ) Tests  to  be made for  approval  of  FM broadcast  frequency  monitors . —The 
manufacturer  of  a monitor  shall  submit  data  
questing  approval:

Operation  of  the  monitor  shall  have  no  deleterious  effect  on  the  
operation  of  the  transmitter  or  the  signal  emitted  therefrom.

Effects  on  frequency  and  readings,  of  the  changing  of  tubes,  of  
voltage  variations-,  and  of variations  of  room  temperature  through  a range  not  to  
exceed  10°  to  Uo°  C.

(d)  Various  other  tests  may be made or  required,  such  as  effects  of  vari 
ation  of  input  from  the  transmitter  depending  upon  the  character  of  the  apparatus.

(2)  Constancy  of  oscillator  frequency  when subjected  to  vibration  
tests  which  would  correspond  to  the  treatment  received  in  shipping,  handling  
and  installing  the  instrument.

(b)  The specifications  that  the  modulation  monitor  shall  meet  before  it  will  
be approved  by  the  Commission  are  as  follows:  (in  connection  with  its  type  approval  
of  FM equipment,  the  Commission  may send  a representative  to  observe  tests  made of  
such  equipment  by  the  manufacturer.)

on the  following  at  the  time  of  re-

(7)  General  information  on  the  effect  of  tilting  or tipping  or  other  
tests  to  determine  ability  of  equipment  to  withstand  shipment.

(e)  Tests  shall  be conducted  in such  a manner  as  to  approximate  actual  
operating  conditions  as  nearly  as  possible.  The equipment  under  test  shall  be 
operated  on  any  channel  in  the  FM broadcast  band.

§ 3»332  Requirements  for  type  approval  of  modulation  monitors . —(a)  The modu
lation  monitors  may be a part  of  the  frequency  monitor.  Approval  of  a  modulation  
monitor  for  FM broadcast  stations  will  be considered  on  the basis  of  data  sub 
mitted  by  the  manufacturer.  Any  manufacturer  desiring  to  submit  a monitor  for  
approval  shall  supply  the  Commission  with  full  details  (two  sworn  copies).



3-332  (b)  (2)  -  3-333

(2)  A modulation,  peak  indicating  device  that  can be Bet  at  any  prede-

Distortion  shall  be kept  to  a

(6)  The monitor  shall  not  absorb  appreciable  power  from  the  transmitter.

§ 3-333  Engineering  charts.

1-28-56 (22)

(M The accuracy  of  reading  of percentage  of  modulation  shall  be  within  
+5 percent  modulation  percentage  at  any  percentage  modulation  up to  100  percent  
modulation.

(7)  Operation  of  the  monitor  shall  have  no  deleterious  effect  on  the  
operation  of  the  transmitter.

(8)  General  design,  construction,  and  operation  shall  be in  accordance  
with  good  engineering  practice.

NOTE: Figures  1 and  2 as  reproduced  herein,  due  to  their  small  scale,  are  
not  to  be  used  in  connection  with  material  submitted  to  the  F.  0.  C.

(i)  The characteristics  of  the  indicating  meter  are:  (a)  Speed .  
The time  for  one  complete  oscillation  of  the  pointer  shall  be 290  
to  350 milliseconds . The damping  factor  shall  be  between  16 and  
200.  (b)  Scale . The meter  scale  shall  be similar  in  appearance  
to  that  of  a  standard  VU meter.  The scale  length  between  0 and  
100  percent  modulation  markings  should  be at  least  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA2.3 inches.  In  
addition  to  other  markings  a small  mark  for  133  percent  modulation  
and  designated  as  such  should  be included  for  the  purpose  of  test 
ing  transmitters  with  100  kc  swing.

(3)  A semi-peak  indicator  with  a meter  having  the  characteristics  given  
below  shall  be used  with  a circuit  such  that  peaks  of  modulation  of  duration  be
tween  U0 and  90  milliseconds  are  indicated  to  90  percent  of  full  value  and  the  
discharge  rate  adjusted  so  that  the  pointer  returns  from  full  reading  to  10 per 
cent  of  zero  within  500  to  800 milliseconds.  A switch  shall  be  provided  so  that  
this  meter  will  read  either  positive  or negative  swings.

(5)  The frequency  characteristic  curve  shall  not  depart  from  a straight  
line  more  than  t  db.  from  50 to  15,000  cycles,  
minimum.

termined  value  from  50  to  120  percent  modulation  (t?5  he swing  is  defined  as  100  
percent  modulation)  and  for  either  positive  or negative  swings  (i.  e.,  either  
above  or  below  transmitter  center  frequency) .
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3.681  (A)  -  (F)

TV TECHNICAL STANDARDS

Aspect  ratio .--The  ratio  of picture  width  to  picture  height  as  transmitted.

2-4-56 (1)

Chrominance  subcarrier . —The carrier  which  is  modulated  by  the  chrominance  
information.

Field . —Scanning  through  the  picture  area  once  in  the  chosen  scanning  pattern.
In  the  line  interlaced  scanning  pattern  of  two  to  one,  the  scanning  of  the  alternate

Chrominance ■--The  colorimetric  difference  between  any  color  and  a  reference  
color  of  equal  luminance,  the  reference  color  having  a specific  chromaticity.

Color  transmission . —The transmission  of  color  television  signals  which  can  
be reproduced  with  different  values  of  hue,  saturation,  and  luminance.

§ 3-681  Definitions .

Amplitude  modulation  (AM).--A  system  of  modulation  in  which  the  envelope  of  
the  transmitted  wave contahs  a component  similar  to  the  wave form  of  the  signal  
to  be transmitted.

Aural  transmitter . —The radio  equipment  for  the  transmission  of  the  aural  
signal  only.

per  meter  for  one  kilowatt  antenna.input  power  to  137-6  mv/m.
be expressed  in  decibels  (db).  (if  specified  for  a particular  direction,  antenna  
power  gain  is  based  on  the  field  strength  in that  direction  only. )

Blanking  level .--The  level  of  the  signal  during  the  blanking  interval,  ex 
cept  the  interval  during  the  scanning  synchronizing  pulse  and  the  chrominance  
subcarrier  synchronizing  burst.

Antenna  power  gain . —The square  of  the  ratio  of  the  root-mean-s,quare  free  
space  field  intensity  produced  at  .one  mile  in  the  horizontal  plane,  in  millivolts  
per  meter  for  one  kilowatt  antenna.input  power  to  137-6  mv/m.  This  ratio  should

Effective  radiated  power .- -The  product  of  the  antenna  input  power  and  the  
antenna  power  gain.  This  product  should  be expressed  in kilowatts  and  in decibels  
above  one  kilowatt  (dbk).  (if  specified  for  a particular  direction,  effective  
radiated  power  is  based  on the  antenna  power  gain  in  that  direction  only.  The 
licensed  effective  radiated  power  is  based  on the  average  antenna  power  gain  for  
each  horizontal  plane  direction. )

Aural  center  frequency . --(1)  The average  frequency  of the  emitted  wave when 
modulated  by  a  sinusoidal  signal;  (2)  the  frequency  of the  emitted  wave without  
modulation.

Antenna  height  above  average  terrain .--The  average  of  the  antenna  heights  
above  the  terrain  from  two  to ten  miles  from  the  antenna  for  the  eight  directions  
spaced  evenly  for  each  45  degrees  of  azimuth  starting  with  True  North,  (in  
general,  a different  antenna  height  will  be determined  in  each  direction  from  
the  antenna.  The average  of  these  various  heights  is  considered  the  antenna  
height  above  the  average  terrain.  In  some cases  less  than  8 directions  may be 
used.  See § 3.684  (d)).



3.681  (F)  -  (s)

lines  of  the  picture  area  once .

2-U-56 (2)

Monochrome  transmission .--The  transmission  of  television  signals  which  can  
he reproduced,  in gradations  of  a single  color  only.

Peak  power . —The power  over  a radio  frequency  cycle  corresponding  in  ampli 
tude  to  synchronizing  peaks.

Reference  white  level  of  the  luminance  signal . —The level  corresponding  to  
the  specified  maximum excursion  of  the  luminance  signal  in the  white  direction.

Scanning .--The  process  of  analyzing  successively,  according  to  a predeter 
mined  method,  the  light  values  of  picture  elements  constituting  the  total  pic 
ture  area.

Scanning  line. —A single  continuous  narrow  strip  of  the  picture  area  con 
taining  highlights,  shadows,  and  half-tones,  determined  hy  the  process  of  scanning.

Frequency  modulation  (FM).--A  system  of  modulation  where  the  instantaneous  
radio  frequency  varies  in  proportion  to  the  instantaneous  amplitude  of  the  modu
lating  signal  (amplitude  of  modulating  signal  to  he measured  after  pre-emphasis,  
if  used)  and  the  instantaneous  radio  frequency  is  independent  of  the  frequency  
of  the  modulating  signal.

Interlaced  scanning ■--A  scanning  process  in  which  successively  scanned  lines  
are  spaced  an integral  number  of  line  widths,  and  in  which  the  adjacent  lines  are  
scanned  during  successive  cycles  of  the  field  frequency.

Frequency  swing .--The  instantaneous  departure  of  the  frequency  of  the  emitted  
wave from  the  center  frequency  resulting  from  modulation.

Reference  black  level . —The level  corresponding  to  the  specified  maximum 
excursion  of  the  luminance  signal  in  the  black  direction.

Negative  transmission .--Where  a decrease  in  initial  light  intensity  causes  
an increase  in  the  transmitted  power.

Polarization .--The  direction  of  the  electric  field  as  radiated  from  the  
transmitting  antenna.

Free  space  field  intensity . —The field  intensity  that  would  exist  at  a point  
in the  absence  of  waves  reflected  from  the  earth  or  other  reflecting  objects.

Percentage  modulation . —As applied  to  frequency  modulation,  the  ratio  of  
the  actual  frequency  swing  to  the  frequency  swing  defined  as  100  percent  modula 
tion,  expressed  in  percentage.  For  the  aural  transmitter  of  television  broadcast  
stations,  a frequency  swing  of  t25  kilocycles  is  defined  as  100 percent  modulation.

Luminance . --Luminous  flux  emitted,  reflected,  or  transmitted  per  unit  solid  
angle  per  unit  projected  area  of  the  source .

Frame . —Scanning  all  of  the  picture  area  once.  In  the  line  interlaced  
scanning  pattern  of  two to  one,  a frame  consists  of  two  fields.
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Synchronization . —The maintenance  of  one  operation  in  step with  another.

(3)

(5)  The chrominance  subcarrier  frequency  shall  be 3-579545  me *10  cycles  
per  second,  with  a maximum rate  of  change  not  to  exceed,  one  tenth  cycle  per  second  
per  second.

2-4-56

(4)  The visual  transmission  amplitude  characteristic  shall  be in accord 
ance  with  the  chart  designated  as  Fig.  5 § 3-699-

(2)  The visual  carrier  frequency  shall  be nominally  1.25  me above  the  
lower  boundary  of  the  channel.

(3)  The aural  center  frequency  shall  be  4.5  me higher  than  the  visual  
carrier  frequency.

Television  transmitter . —The radio  transmitter  or  transmitters  for  the  
transmission  of  both  visual  and  aural  signals.

Television  channel . - -A  band  of  frequencies  6 megacycles  wide  in  the  tele 
vision  broadcast  band  and  designated  either  by  number  or  by  the  extreme  lower  
and  upper  frequencies.

Television  broadcast  station . —A station  in the  television  broadcast  band  
transmitting  simultaneous  visual  and  aural  signals  intended  to  be received  by  
the  general  public .

§ 3-682  Transmission  standards  and  changes —( a ) Transmission  standards . —(1)  
The width  of  the  television  broadcast  channel  shall  be six  megacycles  per  second.

Standard  television  signal . --A  signal  which  conforms  to  the  television  
transmission  standards.

Television  transmission  standards . --The  standards  which  determine  the  
characteristics  of  a television  signal  as  radiated  by  a  television  broadcast  
station.

Vestigial  sideband  transmission . —A system  of  transmission  wherein  one  of  
the  generated  sidebands  is  partially  attenuated  at  the  transmitter  and  radiated  
only  in part.

Television  broadcast  band . —The frequencies  in  the  band  extending  from  54 
to  890  megacycles  which  are  assignable  to  television  broadcast  stations.  These  
frequencies  are  54 to  72  megacycles  (channels  2 through  4),  76 to  88 megacycles  
(channels  5 and  6),  174  to  216  megacycles  (channels  7 through  13),  an -d  470 to  
890  megacycles  (channels  14 through  83).

Visual  transmitter  power . —The peak  power  output  when transmitting  a stand 
ard  television  signal.

Visual  carrier  frequency . —The frequency  of  the  carrier  which  is  modulated  
by  the  picture  information.

Visual  transmitter - —The radio  equipment  for  the  transmission  of  the  visual  
signal  only.
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(14)  The signals  radiated  shall  have  horizontal  polarization.

2-4-56 (4)

(10)  A decrease  in  initial  light  intensity  shall  cause  an increase  in  
radiated  power  (negative  transmission).

(13)  The reference  white  level  of  the  luminance  signal  shall  he 
12.512.5  percent  of  the  peak  carrier  level.

(17)  The reference  hlack  level  shall  be separated  from  the  blanking  
level  by  the  setup  interval,  which  shall  be 7.512.5  percent  of  the  video  range  
from  blanking  level  to  the  reference  white  level.

(8)  During  active  scanning  intervals,  the  scene  shall  be scanned  from  
left  to  right  horizontally  and  from  top  to  bottoia  vertically,  at  uniform  velocities.

(15)  An effective  radiated  power  of  the  aural  transmitter  not  less  than  
50 percent  nor  more  than  70  percent  of  the  peak  radiated  power  of  the  visual  trans 
mitter  shall  be employed.

(7)  The aspect  ratio  of  the  transmitted  television  picture  shall  be 
4 units  horizontally  to  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA3 units  vertically.

(12)  The blanking  level  shall  be  transmitted  at  7512.5  percent  of the  
peak  carrier  level.

(9)  A carrier  shall  be modulated  within  a  single  television  channel  
for  both  picture  and  synchronizing  signals.  For  monochrome  transmission,  the  
two  signals  comprise  different  modulation  ranges  in  amplitude,  in  accordance  with  
the  charts  designated  as  Figures  5 and  7 of  § 3-699-  For  color  transmission,  the  
two  signals  comprise  different  modulation  ranges  in  amplitude  except  where  the  
chrominance  penetrates  the  synchronizing  region  and  the  burst  penetrates  the  pic 
ture  region,  in  accordance  with  the  charts  designated  as  Figures  5 and  6 of  § 3-699-

(16)  The peak-to-peak  variation  of  transmitter  output  within  one  frame  
of  video  signal  due  to  all  causes,  including  hum,  noise,  and  low-frequency  response,  
measured  at both  scanning  synchronizing  peak  and  blanking  level,  shall  not  exceed  
5 percent  of  the  average  scanning  synchronizing  peak  signal  amplitude.  This  pro 
vision  is  subject  to  change  but  is  considered  the  best  practice  under  the  present  
state  of  the  art.  It  will  not  be  enforced  pending  a further  determination  thereof.

(11)  The reference  black  level  shall  be represented  by  a  definite  
carrier  level,  independent  of  light  and  shade  in  the  picture.  

rrru„  vn __

(6)  For  monochrome  and  color  transmissions  the  number  of  scanning  
lines  per  frame  shall  be 525,  interlaced  two  to  one  in  successive  fields.  The 
horizontal  scanning  frequency  shall  be 2/455  times  the  chrominance  subcarrier  
frequency;  this  corresponds  nominally  to  15,750  cycles  per  second  (with  an actual  
value  of  15,734-264  +0.044  cycles  per  second).  The vertical  scanning  frequency  
is  2/525 times  the  horizontal  scanning  frequency;  this  corresponds  nominally  to  
60 cycles  per  second  (the  actual  value  is  59-94  cycles  per  second).  For  mono
chrome  transmissions  only,  the  nominal  values  of  line  and  field  frequencies  may 
be used.
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It  will  not  be en-

(20)  Equation  of  complete  color  signal.

(i)  The color  picture  signal  has  the  following  composition:

em = V

Em = E*'  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA+iAr (®B'

i TSRQPONMLKJIHGFEDCBAJ
Eq > and.  Eyi  are  the  amplitudes  of  two  orthogonal  components  of

2-U-56 (5)

(ii)  The symbols  in  subdivision  (i)  of  this  subparagraph  have  the  
following  significance:

the  chrominance  signal  corresponding  respectively  to  narrow-band  
and  wide-band  axes.

U) is  the  angular  frequency  and  is  QPONMLKJIHGFEDCBASTf times  the  frequency  of  the  
chrominance  subcarrier.

VIhere:
Eq '

Ey .

(19)  The color  picture  signal  shall  correspond  to  a luminance  component  
transmitted  as  amplitude  modulation  of  the  picture  carrier  and  a simultaneous  pair  
of  chrominance  components  transmitted  as  the  amplitude  modulation  sidebands  of  a 
pair  of  suppressed  subcarriers  in  quadrature.

= 0.U1  (E b> -  Ey>)  + (
= -0.27 ( eb . -  )  + 0.74  ( e
= 0.30E r ,  + 0.59E g '  + 0.11E B! t '

For  color-difference  frequencies  below  500  kc  (see  (iii)  below),  the  signal  can  be 
represented  by:

Em is  the  total  video  voltage,  corresponding  to  the  scanning  of  a 
particular  picture  element,  applied  to  the  modulator  of  the  picture  
transmitter.

sin  (u/t  + 33°)  + Ej,  cos  (d)t  + 33°  )J

ER! ,  Eqi ,  and  ERt  are  the  gamma-corrected  voltages  corresponding  
to  red,  green,  and blue  signals  during  the  scanning  of  the  given  
picture  element.

Eyt  is  the  gamma-corrected  voltage  of  the  monochrome  (black-and-  
white)  portion  of the  color  picture  signal,  corresponding  to  the  
given  picture  element.

0.48  (E r > -  Ey.).
-Jpr  “  Ey!  ) •

-  Eyi )  sin  Wt  + (E r . -  Ey> )  cos

(18)  For  monochrome  transmission,  the  transmitter  output  shall  vary  in  
substantially  inverse  logarithmic  relation  to  the  brightness  of  the  subject.  No 
tolerances  are  set  at  this  time.  This  provision  is  subject  to  change  but  is  con 
sidered  the  best  practice  under  the  present  state  of  the  art.  
forced  pending  a further  determination  thereof.

NOTE: Forming  of  the  high  frequency  portion  of  the  monochrome  
signal  in  a different  manner  is  permissible  and  may in  fact  be 
desirable  in  order  to  improve  the  sharpness  on saturated  colors.
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forms  may be used,  with  advances  in  the  state  of  the  art .

2-4-56 (6)

Q-channel  bandwidth:
At  U00 kc  less  than  2 db down.
At  500  kc  less  than  6 db down.
At  600  kc  at  least  6 db down.

I-channel  bandwidth:
At  1-3  me less  than  2 db down.
At  3-6  me at  least  20 db down.

(v)  The radiated  chrominance  subcarrier  shall  vanish  on the  
reference  white  of  the  scene.

Z
0-33
0.71
0.08

Bed (R)  -
Green  (G)  

Blue  (B)

x
0.67
0.21
0.1U

The portion  of  each  expression  between  brackets  in  (i)  represents  
the  chrominance  subcarrier  signal  which  carries  the  chrominance  in 
formation.

of  2.2  associated  
and  Eg> may be 

l  other

and  having  a transfer  gradient  (gamma exponent)  
with  each  primary  color.  The voltages  Eg',  Eq1,  and 1 
respectively  of  the  form  Eg-'-/y,  and  Egl/y  although

(iii)  The equivalent  bandwidth  assigned  prior  to modulation  to  the  
color  difference  signals  Eqi  and  Ej'  are  as  follows:

(vi)  Ey' QPONMLKJIHGFEDCBA, Eqt , Eg, ,  and  the  components  of these  signals  shall  
match  each  other  in  time  to  0.05//  secs.

NOTE: At  the  present  state  of  the  art  it  is  considered  inadvis 
able  to  set  a tolerance  on the  value  of  gamma and  correspondingly  
this  portion  of  the  specification  will  not  be enforced.

The phase  reference  in  the E^ equation  in  (i)  is  the  phase  of  the  
burst  + 180°,  as  shown  in  Figure  8 of  § 3-699-  The burst  corresponds  
to  amplitude  modulation  of  a  continuous  sine  wave.

NOTE: The numerical  values  of  the  signal  specification  assume 
that  this  condition  will  be reproduced  as  CIE  Illuminant  C (x=0.310,  
y=O-316).

(iv)  The gamma corrected  voltages  Ept , Eqi ,  and Eg'  are  suitable  
for  a color  picture  tube  having  primary  colors  with  the  following  
chromaticities  in  the  CIE  system of  specification:

.0y#  secs .

(vii)  The angles  of  the  subcarrier  measured  with  respect  to  the  
burst  phase,  when reproducing  saturated  primaries  and  their  com
plements  at  75  percent  of  full  amplitude,  shall  be within  ±10°  and  
their  amplitudes  shall  be  within  ±20  percent  of  the  values  speci 
fied  above.  The ratios  of  the  measured  amplitudes  of  the  sub 
carrier  to  the  luminance  signal  for  the  same saturated  primaries
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(1)  The exact  character  of  the  change  or  modification  proposed;

NOTE:

2-4-56 (7)

(3)  The experimentation  and  field  tests  that  have  been  made to  show 
that  the  proposed  change  or  modification  accomplishes  an  improvement  and  is  
technically  feasible; zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA

(5) The change  in  equipment  required  in  existing  television  broadcast  
stations  for  incorporating  the  proposed  change  or  modification  in the  adopted  
standards;  and

(1;)  The effect  of the  proposed  change  or  modification  in  the  adopted  
standards  upon  operation  and  obsolescence  of  receivers;

Should  a change  or  modification  in'  the  transmission  standards  be  adopted  by  the  
Commission,  the  effective  date  thereof  will  be determined  in  the  light  of  the  
considerations  mentioned  in  subparagraph  (U)  of  this  paragraph.

(2)  The effect  of  the  proposed  change  or  modification  upon  all  other  
transmission  standards  that  have  been  adopted  by  the  Commission  for  television  
broadcast  stations;

(6)  The facts  and  reasons  upon  which  the  petitioner  bases  his  con 
clusion  that  the  proposed  change  or  modification  would  be in  the  public  interest,  
convenience,  and  necessity.

(b)  Changes  in  transmission  standards . —The Commission  will  consider  the  
question  whether  a proposed  change  or  modification  of  transmission  standards  
adopted  for  television  would  be in  the  public  interest,  convenience  and  necessity,  
upon  petition  being  filed  by  the  person  proposing  such  change  or  modification,  
setting  forth  the  following:

and  their  complements  shall  fall  between  the  limits  of  0.8  and
1.2  of  the  values  specified  for  their  ratios.  Closer  tolerances  
may prove  to  be practicable  and  desirable  with  advance  in the  art.

It  should  be realized  that  the  F (50,  50)  curves  when used  for  Channels  
1^-83  are  not  based  on  measured  data  at  distances  beyond  about  30 miles.  Theory  
would  indicate  that  the  field  intensities  for  Channels  1^-83  should  decrease  more  
rapidly  with  distance  beyond  the  horizon  than  for  Channels  2-6,  and  modification  
of  the  curves  for  Channels  1^-83  may be expected  as  a result  of  measurements  to  be 
made at  a later  date.  For  these  reasons,  the  curves  should  be  used  with  appreci 
ation  of  their  limitations  in  estimating  levels  of  field  intensity.  Further,  the

§ 3-683  Field  intensity  contours . --(a)  In  the  authorization  of  television  
broadcast  stations,  two  field  intensity  contours  are  considered.  These  are  
specified  as  Grade  A and  Grade  B  and  indicate  the  approximate  extent  of  coverage  
over  average  terrain  in  the  absence  of  interference  from  other  television  sta 
tions.  Under  actual  conditions,  the  true  coverage  may vary  greatly  from  these  
estimates  because  the  terrain  over  any  specific  path  is  expected  to  be different  
from  the  average  terrain  on  which  the  field  strength  charts  were  based.  The re 
quired  field  intensities,  F (50,  50), in  decibels  above  one  microvolt  per  meter  
(dbu)  for  the  Grade  A and  Grade  B contours  are  as  follows:
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(1)

In  connection  with  problems  of  coverage  arising  out  of  application

2-U-56
(8)

(b)  The field,  intensity  contours  provided,  for  herein  shall  be considered  for  
the  following  purposes  only:

(4)  In  determining  compliance  with  § 3.685  (a)  concerning  the  minimum  
field  intensity  to  be provided  over  the  principal  community  to  be served.

(b)  Predictions  of  coverage  shall  be made only  for  the  same purposes  as  re 
late  to  the  use  of  field  intensity  contours  as  specified  in  § 3-683  (b).

Channels  2-6
Channels  7-13
Channels  lh  -  83

(2)  
of  § 3.636.

68
71
7U

^7
56QPONMLKJIHGFEDCBA
6k

Grade  A 
(dbu)

Grade B
(dbu)

uv/m  and

actual  extent  of  service  will  usually  be less  than  indicated  by  these  estimates  
due  to  interference  from  other  stations.  Because  of  these  factors , the  predicted  
field  intensity  contours  give  no  assurance  of  service  to any  specific  percentage  
of  receiver  locations  within  the  distances  indicated.  In  licensing  proceedings  
these  variations  will  not  be  considered.

In  the  estimation  of  coverage  resulting  from  the  selection  of  a 
particular  transmitter  site  by  an  applicant  for  a television  station.

(3)  In  connection  with  problems  of  coverage  arising  out  of  application  
of  § 3.658  (b).

(c)  In  predicting  the  distance  to  the  field  intensity  contours,  the  F (50>  50)  
field  intensity  charts  (Figures  10 and  11 of  § 3-699)  shall  be used.  If  the  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA50 per 
cent  field  intensity  is  defined  as  that  value  exceeded  for  50 percent  of  the  time,  
these  F (50,  50)  charts  give  the  estimated  50 percent  field  intensities  exceeded  at  
50 percent  of  the  locations  in  decibels  above  one  microvolt  per  meter.  The charts  
are  based  on an  effective  power  of  one  kilowatt  radiated  from  a half-wave  dipole  
in  free  space,  which  produces  an  unattenuated  field  strength  at  one  mile  of  about  
103  db above  one  microvolt  per  meter  (137-6  millivolts  per  meter).  To use  the  
charts  for  other  powers,  the  sliding  scale  associated  with  the  charts  should  be 
trimmed  and  used  as  the  ordinate  scale.  This  sliding  scale  is  placed  on the  charts  
with  the  appropriate  gradation  for  power  in  line  with  the  horizontal  i«-0  db line  on 
the  charts.  The right  edge  of  the  scale  is  placed  in  line  with  the  appropriate  
antenna  height  gradations,  and  the  charts  then  become direct  reading  (in

§ 3-684  Prediction  of  cover age. —(a)  All  predictions  of  coverage  made pursuant  
to  this  paragraph  shall  be  made without  regard,  to  interference  and  shall  be made 
only  on the  basis  of  estimated  field  intensities.  The peak  power  of  the  visual  
signal  is  used  in  making  predictions  of  coverage.
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and  the  elevation  in feet  above  mean sea  level  as  the  ordinate,  
should  indicate  the  source  of  the  topographical  data  employed,  
also  show the  elevation  of  the  center  of  the  radiating  system.

(d)  The antenna  height  to  be  used  with  these  charts  is  the  height  of  the  
radiation  center  of  the  antenna  above  the  average  terrain  along  the  radial  in  
question.  In  determining  the  average  elevation  of  the  terrain,  the  elevations  
between  2 and  10 miles  from  the  antenna  site  are  employed.  Profile  graphs  shall  
be drawn  for  8 radials  beginning  at  the  antenna  site  and  extending  10 miles  
therefrom.  The radials  should  be drawn  for  each  45  degrees  of  azimuth  starting  
with  True  North.  At  least  one  radial  must  include  the  principal  community  to be 
served  even  though  such  community  may be more  than  10 miles  from  the  antenna  site.  
However,  in  the  event  none  of  the  evenly  spaced  radials  include  the  principal  
community  to  be served  and  one  or  more  such  radials  are  drawn  in  addition  to the  
8 evenly  spaced  radials,  such  additional  radials  shall  not  be employed  in computing  
the  antenna  height  above  average  terrain.  Where the  2 to  10 mile  portion  of  a 
radial  extends  in  whole  or  in  part  over  large  bodies  of  water  as  specified  in  
paragraph  (e)  of  this  section  or  extends  over  foreign  territory  but  the  Grade  B 
intensity  contour  encompasses  land  area  within  the  United  States  beyond  the  10 
mile  portion  of  the  radial,  the  entire  2 to  10 mile  portion  of  the  radial  shall  
be included  in the  computation  of  antenna  height  above  average  terrain.  How
ever,  where  the  Grade  B contour  does  not  so  encompass  United  States  land  area  
and  (1)  the  entire  2 to  10 mile  portion  of  the  radial  extends  over  large  bodies  
of  water  or  foreign  territory,  such  radial  shall  be completely  omitted  from  the  
computation  of  antenna  height  above  average  terrain,  and  (2)  where  a part  of the  
2 to  10  mile  portion  of  a radial  extends  over  large  bodies  of  water  or  over  for 
eign  territory,  only  that  part  of  the  radial  extending  from  the  2 mile  sector  to  
the  outermost  portion  of  land  area  within  the  United  States  covered  by  the  radial  
shall  be employed  in the  computation  of  antenna  height  above  average  terrain.  The 
profile  graph  for  each  radial  should  be  plotted  by  contour  intervals  of  from  40 
to  100  feet  and,  where  the  data  permits,  at  least  50 points  of  elevation  (generally  
uniformly  spaced)  should  be used  for  each  radial.  In  instances  of  very  rugged  
terrain  where  the  use  of  contour  intervals  of  100  feet  would  result  in  several  
points  in  a short  distance,  200-  or  400-foot  contour  intervals  may be used  for  
such  distances.  On the  other  hand,  where  the  terrain  is  uniform  or  gently  sloping  
the  smallest  contour  interval  indicated  on the  topographic  map (see  paragraph  (g)  
of  this  section)  should  be used,  although  only  relatively  few  points  may be avail 
able.  The profile  graphs  should  indicate  the  topography  accurately  for  each  rad 
ial,  and  the  graphs  should  be  plotted  with  the  distance  in  miles  as  the  abscissa  

The profile  graphs  
The graph  should  
The graph  may be 

plotted  either  on rectangular  coordinate  paper  or  on special  paper  which  shows  the  
curvature  of  the  earth.  It  is  not  necessary  to  take  the  curvature  of  the  earth  
into  consideration  in this  procedure,  as  this  factor  is  taken  care  of  in  the  charts

in  db above  1 uv/m)  for  this  power  and  antenna  height.  Where the  antenna  height  
is  not  one  of  those  for  which  a scale  is  provided,  the  signal  strength  or  dis 
tance  is  determined  by  interpolation  between  the  curves  connecting  the  equi 
distant  points.  Dividers  may be used  in  lieu  of  the  sliding  scale.  In  predict 
ing  the  distance  to  the  Grade  A and  Grade  B field  intensity  contours,  the  effec 
tive  radiated  power  to be used  is  that  in the  horizontal  plane  in  the  pertinent  
direction.  In  predicting  other  field  intensities  over  areas  not  in the  horizontal  
plane,  the  effective  radiated  power  to  be used  is  the  power  in the  direction  of  
such  areas;  the  appropriate  vertical  plane  radiation  pattern  must,  of  course,  be 
considered  in  determining  this  power.
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NOTE 1:  This  paragraph  does  not  apply  to  any  application  designated  for  
hearing  in  which  the  engineering  portions  have  been  heard  or  the  engineering  
exhibits  exchanged  prior  to  June  1,  1953?  the  effective  date  of  the  amendment  
of  this  subsection  unless  the  subsection  as  amended would  materially  affect  the  
outcome  of  the  hearing.

NOTE 2:  The Commission  will,  upon  a  proper  showing  by  an existing  station  
that  the  application  of  this  rule  will  result  in  an  unreasonable  power  reduction  
in  relation  to  other  stations  in  close  proximity,  consider  requests  for  adjustment  
in  power  on  the  basis  of  a common average  terrain  figure  for  the  stations  in  
question  as  determined  by  the  Commission.  -

(e)  In  instances  where  it  is  desired  to  determine  the  area  in  square  miles  
within  the  Grade  A and  Grade  B field  intensity  contours,  the  area  may be deter 
mined  from  the  coverage  map by  planimeter  or  other  approximate  means;  in  computing  
such  areas,  exclude  (1)  areas  beyond  the  borders  of  the  United  States,  and  (2)  
large  bodies  of  water,  such  as  ocean  areas,  gulfs,  sounds,  bays,  large  lakes,  etc.,  
but  not  rivers.  QPONMLKJIHGFEDCBA , ■. . .■

(f)  In  cases  where  the  terrain  in  one  or  more  directions  from  the  antenna  
site  departs  widely  from  the  average  elevation  of  the  2 to  10 mile  sector,  the  
prediction  method  may indicate  contour  distances  that  are  different  from  what  may 
be expected  in  practice.  For  example,  a mountain  ridge  may indicate  the  practical  
limit  of  service  although  the  prediction  method  may.indicate  otherwise.  In  such  
cases  the  prediction  method  should  be followed,  but  a supplemental  showing  may be 
made concerning  the  contour  distances  as  determined  by  other  means.  Such  supple 
mental  showing  should  describe  the  procedure  employed  and  should  include  sample  
calculations . Maps of  predicted  coverage  should  include  both  the  coverage  as  
predicted  by  the  regular  method  and  as  predicted  by  a supplemental  method.  When 
measurements  of  area  are  required,  these  should  include  the  area  obtained  by  the  
regular  prediction  method  and  the  area  obtained  by  the  supplemental  method.  In  
directions  where  the  terrain  is  such  that  negative  antenna  heights  or  heights  
below  100  feet  for  the  2 to  10 mile  sector  are  obtained,  a supplemental  showing  
of  expected  coverage  must  be included  together  with  a  description  of  the method  
employed  in  predicting  such  coverage.  In  special  cases,,  the  Commission  may re 
quire  additional  information  as  to  terrain  and  coverage.

(g)  In the  preparation  of  the  profile  graphs  previously  described,  and  in  
determining  the  location  and  height  above  sea  level  of  the  antenna  site,  the  eleva 
tion  or  contour  intervals  shall  be taken  from  the  United  States  Geological  Survey  
Topographic  Quadrangle  Maps,  United  States  Army Corps  of  Engineers  maps or  Tennessee  
Valley  Authority  maps,  whichever  is  the  latest,  for  all  areas  for  which  such  maps 
are  available.  If  such  maps are  not  published  for  the  area  in  question,  the  next  
best  topographic  information  should  be used.  Topographic  data  may sometimes  be ob
tained  from  State  and  municipal  agencies . Data  from  Sectional  Aeronautical  Charts  
(including  bench  marks)  or  railroad  depot  elevations  and  highway  elevations  from

showing  signal  intensities.  The average  elevation  of  the  8-mile  distance  be
tween  2 and  10  miles  from  the  antenna  site  should  then  be determined  from  the  
profile  graph  for  each  radial.  This  may be obtained  by  averaging  a large  number  
of  equally  spaced  points,  by  using  a planimeter,  or  by  obtaining  the  median  
elevation  (that  exceeded  for  50 percent  of  the  distance)  in  sectors  and  averaging  
those  values.
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(b)  Location  of  the  antenna  at  a point  of  high  elevation  is  necessary  to  re 
duce  to  a minimum  the  shadow  effect  on  propagation  due  to hills  and  buildings  which  
may reduce  materially  the  intensity  of  the  station's  signals.  In  general,  the  
transmitting antenna  of  a station  should  be located  at  the  most  central  point  at  
the  highest  elevation  available.  To provide  the  best  degree  of  service  to  an area,  
it  is  usually  preferable  to  use  a high  antenna  rather  than  a low  antenna  with  in 
creased  transmitter  power.  The location  should  be so  chosen  that  line-of-sight  
can  be obtained  from  the  antenna  over  the  principal  community  to  be served;  in  no 
event  should  there  be a major  obstruction  in this  path.  The antenna  must  be con 
structed  so  that  it  is  as  clear  as  possible  of  surrounding  buildings  or  objects  
that  would  cause  shadow  problems.  It  is  recognized  that  topography,  shape  of  the  
desired  service  area,  and  population  distribution  may make the  choice  of  a trans 
mitter  location  difficult.  In  such  cases,  consideration  may be given  to the  use  
of  a directional  antenna  system,  although  it  is  generally  preferable  to  choose  a 
site  where  a non-directional  antenna  may be employed.

§ 3.685  Transmitter  location  and  antenna  system . —(a)  The transmitter location  
shall  be chosen  so  that,  on  the  basis  of  the  effective  radiated  power  and  antenna  
height  above  average  terrain  employed,  the  following  minimum  field  intensity  in  
decibels  above  one  microvolt  per  meter  (dbu)  will  be provided  over  the  entire  
principal  community  to  be served:

road  maps may be used  where  no  better  information  is  available.  In  cases  where  
limited  topographic  data  is  available,  use  may be made of  an altimeter  in  a car  
driven  along  roads  extending  generally  radially  from  the.transmitter  site.  Or
dinarily  the  Commission  will  not  require  the  submission  of  topographical  maps for  
areas  beyond  15 miles  from  the  antenna  site,  but  the  maps must  include  the  prin 
cipal  community  to  be served.  If  it  appears  necessary,  additional  data  may be 
requested.  United  States  Geological  Survey  Topographic  Quadrangle  Maps may be 
obtained  from  the  Department  of  the  Interior,  Geological  Survey,  Washington,  D.C.  
Sectional  Aeronautical  Charts  are  available  from  the Department  of Commerce,  
Coast  and  Geodetic  Survey,  Washington,  D.C.

(c)  In  cases  of  questionable  antenna  locations  it  is  desirable  to  conduct  
propagation  tests  to  indicate  the  field  intensity  expected  in  the  principal  commun
ity  to be served  and  in  other  areas,  particularly  where  severe  shadow  problems  may 
be expected.  In  considering  applications  proposing  the  use  of  such  locations,  the  
Commission  may require  site  tests  to  be made.  Such  tests  should  be made in accord 
ance  with  the  measurement  procedure  hereafter  described,  and  full  data  thereon  must  
be supplied  to  the  Commission.  Test  transmitters  should  employ  an  antenna  having  a 
height  as  close  as  possible  to  the  proposed  antenna  height,  using  a balloon  or  other  
support  if  necessary  and  feasible.  Information  concerning  the  authorization  of  site  
tests  may be obtained  from  the  Commission  upon  request.
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(1)  Complete  description  of  the  proposed  antenna  system.
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(f)  Applications  proposing  the  use  of  directional  antenna  systems  must  be 
accompanied  by  the  following:

(h)  Where simultaneous  use  of  antennas  or  antenna  structures  is  proposed,  
the  following  provisions  shall  apply:

(U)  Name, address,  and  qualifications  of the  engineer  making  the  cal 
culations.

(g)  Applications  proposing  the  use  of  television  broadcast  antennas  within  
200  feet  of  other  television  broadcast  antennas  operating  on a channel  within  20 
percent  in  frequency  of  the  proposed  channel,  or  proposing  the  use  of  television  
broadcast  antennas  on  Channels  5 or 6 within  200  feet  of  PM broadcast  antennas ,  
must  include  a showing  as  to  the  expected  effect,  if  any,  of  such  proximate  
operation. zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA

(3) Horizontal  and  vertical  plane  radiation  patterns  showing  the  free  
space  field  intensity  in  millivolts  per  meter  at  1 mile  and  the  effective  radiated  
power,  in  dbk,  for  each  direction.  The method  by  which  the  radiation  patterns  
were  computed  or  measured  shall  be  fully  described,  including  formulas  used,  equip 
ment  employed,  sample  calculations  and  tabulations  of  data.  Sufficient  vertical  
plane  patterns  shall  be included  to  indicate  clearly  the  radiation  characteristics  
of  the  antenna  above  and  below  the  horizontal  plane.  The horizontal  plane  pattern  
shall  be  plotted  on  polar  coordinate  paper  with  reference  to  true  north.  The 
vertical  plane  patterns  shall  be plotted  on rectangular  coordinate  paper  with  refer 
ence  to  the  horizontal  plane.

(e)  A directional  antenna  is  considered  to  be an antenna  that  is  designed  
or  altered  for  the  purpose  of  obtaining  a noncircular  radiation  pattern.  Direc 
tional  antennas  may not  be  used  for  the  purpose  of  reducing  minimum  mileage  
separation  requirements  but  may be employed  for  the  purpose  of  improving  service  
or  for  the  purpose  of using  a particular  site;  however,  directional  antennas  with  
a ratio  of  minimum  to  maximum radiation  in  the  horizontal  plane  of  more  than  10 
decibels  will  not  be permitted.

(1)  In  cases  where  it  is  proposed  to  use  a tower  of  a standard  broadcast  
station  as  a supporting  structure  for  a television  broadcast  antenna,  an appropriate

(d)  Present  information  is  not  sufficiently  complete  to  establish  "blanket  
areas"  of  television  broadcast  stations.  A "blanket  area"  is  that  area  adjacent  
to  a transmitter  in  which  the  reception  of  other  stations  is  subject  to  inter 
ference  due  to  the  strong  signal  from  this  station.  The authorization  of  sta 
tion  construction  in  areas  where blanketing  is  found  to  be excessive  will  be on 
the  basis  that  the  applicant  will  assume  full  responsibility  for  the  adjustment  
of  reasonable  complaints  arising  from  excessively  strong  signals  of  the  appli 
cant's  station  or  take  other  corrective  action.

(2)  Orientation  of  array  with  respect  to  true  north;  time  phasing  of  
fields  from  elements  (degrees  leading  or  lagging);  space  phasing  of  elements  (in  
feet  and  degrees);  and  ratio  of  fields  from  elements.
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(2)  When,  the  proposed  television  antenna  is  to  he mounted  on  a tower  in  
the  vicinity  of  a  standard  broadcast  directional  array  and  it  appears  that  the  
operation  of  the  directional  antenna  system  may be affected,  an engineering  study  
must  be filed  with  the  television  application  concerning  the  effect  of  the  tele 
vision  antenna  on  the  directional  pattern.  Readjustment  and field  intensity  
measurements  of the  standard  broadcast  station  may be required  following  construc 
tion  of  the  television  antenna.

application  for  changes  in  the  radiating  system  of  the  standard  broadcast  station  
must  be filed  by  the  licensee  thereof.  A formal  application  (FCC Form 301)  will  
be required  if  the  proposal  involves  substantial  change  in the  physical  height  or  
radiation  characteristics  of  the  standard  broadcast  antennas;  otherwise  an in 
formal  application  will  be acceptable,  (in  case  of  doubt,  an informal  application  
(letter)  together  with  complete  engineering  data  should  be  submitted.)  An appli 
cation  may be required  for  other  classes  of  stations  when the  tower  is  to  be used  
in  connection  with  a  television  station.

(i)  The provisions  of  Part  17 of  this  chapter  shall  govern  the  construction,  
marking  and  lighting  requirements  of  antenna  structures  used  by  television  broad 
cast  stations.  In  the  event  a common tower  is  used  by  two  or  more  licensees  or  
permittees  for  antenna  and/or  antenna  supporting  purposes,  the  licensee  or  per
mittee  who is  owner  of  the  tower  shall  assume full  responsibility  for  the  install 
ation  and  maintenance  of  any  painting  and/or  lighting  requirements.  In  the  event  
of  shared  ownership,  one  licensee  or  permittee  shall  assume such  responsibility  
and  advise  the  Commission  accordingly.

(b)  Measurements  made to  determine  field  intensities  of  television  broadcast  
stations  should  be made with  mobile  equipment  along  roads  which  are  as  close  and  
similar  as  possible  to  the  radials  showing  topography  which  were  submitted  with  
the  application  for  construction  permit.  Cluster  and  spot  measurements  may also  
be submitted,  if  accompanied  by  a complete  showing  of  the  procedures  employed.  Suit 
able  measuring  equipment  and  a continuous  recording  device  must  be employed,  the  
chart  of  which  is  either  directly  driven  from  the  speedometer  of  the  automobile  in  
which  the  equipment  is  mounted  or  so  arranged  that  distances  and  identifying  land 
marks  can  be readily  noted.  The measuring  equipment  must  be calibrated  against  
recognized  standards  of  field  intensity  and  so  constructed  that  it  will  maintain  
an  acceptable  accuracy  of  measurement  while  in  motion  or  when stationary.  The 
equipment  should  be so  operated  that  the  recorder  chart  can  be calibrated  directly  
in  field  intensity  in  order  to  facilitate  analysis  of  the  chart.  The receiving  
antenna  must  be horizontally  polarized  and  should  be nondirectional .

§ 3•686  Measurements  for  rule  making  purposes  and  upon  request  of  the  Commission . — 
(a)  Except  as  provided  for  in  § 3.612,  television  broadcast  stations  shall  not  be 
protected  against  any  type  of  interference  or  propagation  effect.  Persons  desiring  
to  submit  testimony,  evidence,  or  data  to  the  Commission  for  the  purpose  of  showing  
that  the  technical  standards  contained  in  this  subpart  do not  properly  reflect  any  
given  types  of  interference  or  propagation  effects  may do so  only  in  appropriate  
rule  making  proceedings  to  amend such  technical  standards . Persons  making  field  
intensity  measurements  for  formal  submission  to  the  Commission  in  rule  making  pro 
ceedings,  or  making  such  measurements  upon  the  request  of  the  Commission,  should  
comply  with  the  procedure  for  making  such  measurements  as  outlined  below.
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(g)  Data  obtained  in  conjunction  with,  field  intensity  measurements  shall  
be submitted  to  the  Commission  in  affidavit  form  in  triplicate,  including  the  
following :

(2)  If  a directional  transmitting  antenna  is  employed,  a diagram  on 
polar  coordinate  paper  showing  the  predicted  free  space  field  intensity  in  milli 
volts  per  meter  at  1 mile  in  all  directions.

(3)  A full  description  of  the  procedures  and  methods  employed,  in 
cluding  the  type  of  equipment,  the  method  of  installation  and  operation,  and  
calibration  procedures.

(1)  Map or  maps showing  the  roads  or  points  where  measurements  were  
made,  the  service  and/or  interference  areas  determined  by  the  prediction  method  
and  by  the  measurements,  and  any  unusual  terrain  characteristics  existing  in  
these  areas.  The maps,  preferably  of  a type  showing  topography  in  the  area,  
should  show the  Grade  A and  Grade  B field  intensity  contours.

(c)  Mobile  measurements  should  be made with  a minimum  chart  speed  of  3 inches  
per  mile  and  preferably  5 or  6 inches  per  mile.  Locations  shall  be  noted  on the  
recorder  chart  as  frequently  as  necessary  to  fix  definitely  the  relation  between  
the  measured  field  intensity  and  the  location.  The time  constant  of  the  equipment  
should  be such  as  to  permit  adequate  analysis  of  the  charts,  and  the  time  constant  
employed  shall  be shown.  Measurements  should  be made to  a point  on each  radial  
well  beyond  the  particular  contour  under  investigation.

(d)  While  making  field  intensity  measurements  either  the  visual  or  the  aural  
transmitter  may be  used.  If  the  visual  transmitter  is  used,  it  is  recommended  that  
a black  picture  be  transmitted  or  that  the  transmitter  be operated  at  black  level  
without  synchronization  peaks.  Operation  at  a power  somewhat  less  than  black  
level  is  permissible  but  too  great  a reduction  in  power  is  not  recommended  due  to  
the  difficulty  of  recording  weak signals.  In  any  event,  an appropriate  factor  shall  
be used  to  convert  the  readings  obtained  to  the  field  strength  that  would  exist  on 
synchronization  peaks  while  operating  at  the  authorized  power.

(e)  After  the  measurements  are  completed,  the  recorder  chart  should  be di 
vided  into  not  less  than  15 sections  on each  equivalent  radial  from  the  station.  
The field  intensity  in  each  section  of  the  chart  should  be analyzed  to  determine  
the  field  intensity  received  5°  percent  of  the  distance  (median  field)  throughout  
the  section,  and  this  median  field  intensity  associated  with  the  corresponding  
sector  of the  radial.  The field  intensity  figures  must  be corrected  for  a re 
ceiving  antenna  elevation  of  30 feet  and  for  any  directional  effects  of  the  auto 
mobile  and  receiving  antenna  not  otherwise  compensated.  This  data  should  be  
plotted  for  each  radial,  using  log-log  coordinate  paper  with  distance  as  the  
abscissa  and  field  intensity  as  the  ordinate.  A smooth  curve  should  be drawn  
through  these  points  (of  median  fields  for  all  sectors)  and  this  curve  used  to  
determine  the  distance'  to  the  desired  contour.  The distances  obtained  for  each  
radial  may then  be  plotted  on  the  map of  predicted.coverage  or  on polar  coordi 
nate  paper  (excluding  water  areas,  etc.)  to  determine  the  service  and  interfer 
ence  areas  of  a station.

(f)  In  certain  cases  the  Commission  may desire  more  information  or  record 
ings  and  in these  instances  special  instructions  will  be issued.
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tive  samples,

(5) Antenna  system  and.  power  employed  during  the  survey.

(6)

(See  Figure  11 of  § 3-699-)
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(U)  Complete  data  obtained  during  the  survey,  including  calibration.
(Only  the  original  or  one  photostatic  copy  of  the  recording  tapes,  or  representa-  

need  be submitted .)

Name, address,  and  qualifications  of  the  engineer  or  engineers  
making  the  measurements .

§ zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA3.687 Transmitters  and  associated  equipment —(a)  Visual  transmitter . —(1)  For  
monochrome  transmission  only,  the  overall  attenuation  characteristics  of  the  trans 
mitter,  measured  in the  antenna  transmission  line  after  the  vestigial  sideband  fil 
ter  (if  used),  shall  not  be greater  than  the  following  amounts  below  the  ideal  de
modulated  curve .

(3) The field  strength  or  voltage  of  the  lower  sideband,  as  radiated  ar  
dissipated  and  measured  as  described  in  subparagraph  (U)  of  this  paragraph,  shall  
not  be greater  than  -20  db for  a modulating  frequency  of  1.25  me or  greater  and  in  
addition,  for  color,  shall  not  be  greater  than  -^2 db  for  a modulating  frequency  
of  3.5795^5  me (the  color  subcarrier  frequency).  For  both  monochrome  and  color,  
the  field  strength  or  voltage  of  the  upper  sideband  as  radiated  or dissipated  and  
measured  as  described  in  subparagraph  (U)  of  this  paragraph  shall  not  be  greater  
than  -20  db for  a modulating  frequency  of  U.75  me or  greater.

NOTE: Field  strength  measurements  are  desired.  It  is  anticipated  that  these  
may not  yield  data  which  are  consistent  enough  to  prove  compliance  with  the  attenu 
ation  standards  prescribed  above.  In  that  case,  measurements  with  a  dummy load  of  
pure  resistance,  together  with  data  on  the  antenna  characteristics,  shall  be taken  
in  place  of  over-all  field  measurements.

(2)  For  color  transmission,  the  standard  given  by  subparagraph  (1)  of  
this  paragraph  applies  except  as  modified  by  the  following:  A sine  wave of  3-58  
me introduced  at  those  terminals  of  the  transmitter  which  are  normally  fed  the  
composite  color  picture  signal  shall  produce  a radiated  signal  having  an amplitude  
(as  measured  with  a diode  on  the  R.  F.  transmission  line  supplying  power  to the  
antenna),  which  is  down 6+2  db  with  respect  to  a signal  produced  by  a  sine  wave of  
200  kc.  In  addition,  the  amplitude  of  the  signal  shall  not  vary  by  more  than  +2 db 
between  the  modulating  frequencies  of  2.1  and  U.18  me.

The curve  shall  be substantially  smooth  between  these  specified  points,  exclusive  
of  the  region  from  0.75  to  1.25  me. Output  measurement  shall  be made with  the  
transmitter  operating  into  a dummy load  of  pure  resistance  and  the  demodulated  
voltage  measured  across  this  load.  The ideal  demodulated  curve  is  that  shown  in  '•  
Figure  11 of  § 3.699-

2 db at  0.5  me.
2 db at  1.25  me.
3 db at  2.0 me.
6 db at  3-0 me.

12  db  at  3-5 me.
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§ 3-699,

2-U-56 (16)
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(9)  For  color  transmission  the  transfer  characteristic  (that  is  the  re 
lationship  between  the  transmitter  RF output  and  video  signal  input)  shall  he sub 
stantially  linear  between  the  reference  black  and  reference  white  levels.

(6)  The radio  frequency  signal,  as  radiated,  shall  have  an envelope  
as  would  be  produced  by  a  modulating  signal  in  conformity  with  Figures  6 or  7 of  

as  modified  by  vestigial  sideband  operation  specified  by  Figure  5 of  § 3-699-

(7)  The time  interval  between  the  leading  edges  of  successive  horizontal  
pulses  shall  vary  less  than  one  half  of  one  percent  of  the  average  interval.  However,  
for  color  transmissions,  § 3.682  (a)(5)  and  § 3-682  (a)(6)  shall  be controlling.

(8)  The rate  of  change  of  the  frequency  of  recurrence  of  the  leading  edges  
of  the  horizontal  synchronizing  signals  shall  be not  greater  than  0.15  percent  per  
second,  the  frequency  to  be determined  by  an averaging  process  carried  out  over  a 
period  of  not  less  than  20,  nor  more  than  100  lines,  such  lines  not  to  include  any  
portion  of  the  blanking  interval.  However,  for  color  transmissions,  § 3-682  (a)(5)  
and  § 3-682  (a)(6)  shall  be controlling.

(1;)  The attenuation  characteristics  of  a visual  transmitter  shall  be 
measured  by  application  of  a.  modulating  signal  to  the  transmitter  input  terminals  
in  place  of  the  normal  composite  television  video  signal.  The signal  applied  
shall  be a composite  signal  composed  of  a synchronizing  signal  to  establish  peak  
output  voltage  plus  a variable  frequency  sine  wave voltage  occupying  the  interval  
between  synchronizing  pulses.  (The  "synchronizing  signal"  referred  to  in  this  
section  means either  a standard  synchronizing  wave form  or  any  pulse  that  will  
properly  set  the  peak. ) The axis  of  the  sine  wave in  the  composite  signal  ob
served  in  the  output  monitor  shall  be  maintained  at  an amplitude  0.5  of  the  
voltage  at  synchronizing  peaks.  The amplitude  of  the  sine  wave input  shall  be 
held  at  a constant  value.  This  constant  va.lue  should  be such  that  at  no modu
lating  frequency  does  the  maximum excursion  of  the  sine  wave,  observed  in the  
composite  output  signal  monitor,  exceed  the  value  0.75  of  peak  output  voltage.  
The amplitude  of the  200  kilocycle  sideband  shall  be measured  and  designated  
zero  db as  a basis  for  comparison.  The modulation  signal  frequency  shall  then  
be  varied  over  the  desired  range  and  the  field  strength  or  signal  voltage  of  the  
corresponding  sidebands  measured.  As an alternate  method  of measuring,  in  those  
cases  in  which  the  automatic  d-c  insertion  can  be replacedby  manual  control,  
the  above  characteristic  may be taken  by  the  use  of  a  video  sweep  generator  and  
without  the  use  of  pedestal  synchronizing  pulses.  The d-c  level  shall  be set  
for  midcharacteristic  operation.

(5)  The sine  wave,  introduced  at  those  terminals  of  the  transmitter  
which  are  normally  fed  the  composite  color  picture  signal,  shall  produce  a radi 
ated  signal  having  an envelope  delay,  relative  to  the  average  envelope  delay  
between  0.05  and  0.20  me,  of  zero  microseconds  up to  a frequency  of  3-0 me; and  
then  linearly  decreasing  to  U.18  me so  as  to  be equal  to  -0.17/*  secs  at  3-58  me.  
The tolerance  on the  envelope  delay  shall  be +0.05/<secs  at  3-58  me. The toler 
ance  shall  increase  linearly  to  +0.1/<sec  down to  2.1  me,  and  remain  at  tO.l/fsec  
down to  0.2  me. (Tolerances  for  the  interval  of  0.0  to  0.2  me are  not  specified  
at  the  present  time.)  The tolerance  shall  also  increase  linearly  to  tO.l/^sec  at  
1;.  18  me.
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(3) At  any  modulating  frequency  between  50 and  15,000  cycles  and  at  
modulation  percentages  of  25 percent,  50 percent,  and  100  percent,  the  combined  
audio  frequency  harmonics  measured  in  the  output  of  the  system  shall  not  exceed  
the  root-mean-square  values  given  in  the  following  table:

(it)  It  is  recommended  that  none  of  the  three  main  divisions  of  
the  system  (transmitter,  studio  to  transmitter  circuit,  and  audio  
facilities)  contribute  over  one-half  of  these  percentages,  since  
at  some frequencies  the  total  distortion  may become the  arithmetic  
sum of  the  distortions  of  the  divisions.

Modulation  frequency
50 to  100  cycles  -----
100  to  7,500  cycles  --
7,500  to  15,000' cycles  •

(b)  Aural  transmitter . —(1)  The transmitter  shall  operate  satisfactorily  
with  a frequency  swing  of  +25  kilocycles,  which  is  considered  100  percent  modu
lation.  It  is  recommended,  however,  that  the  transmitter  be designed  to  operate  
satisfactorily  with  a.  frequency  swing  of  at  least +U0 kilocycles .

(i)  Measurement  shall  be made employing  75 microsecond  de-emphasis  
in the  measuring  equipment  and  75 microsecond  pre-emphasis  in  the  
transmitting  equipment,  and  without  compression  if  a compression  

Harmonics  shall  be included  to  30 kc .

Distortion  
( percent )  

3-5
2-  5
3-  0

(2)  The transmitting  system  (from  input  terminals  of  microphone  pre 
amplifier,  through  audio  facilities  at  the  studio,  through  telephone  lines  or  other  
circuits  between  studio  and  transmitter,  through  audio  facilities  at  the  trans 
mitter,  and  through  the  transmitter,  but  excluding  equalizers  for  the  correction  
of  deficiencies  in  microphone  response)  shall  be capable  of  transmitting  a band  
of  frequencies  from  50 "to  15,000  cycles.  Pre-emphasis  shall  be employed  in  ac 
cordance  with  the  impedance-frequency  characteristic  of  a series  inductance 
resistance  network  having  a time  constant  of  75 microseconds.  (See  Figure  12 of  
§ 3.699.)  The deviation  of  the  system  response  from  the  standard  pre-emphasis  
curve  shall  lie  between  two  limits  as  shown  by  Figure  12 of  § 3.699-  The upper  
of  these  limits  shall  be uniform  (no  deviation)  from  50 to  15,000  cycles.  The 
lower  limit  shall  be uniform  from  100  to  7,500  cycles,  and  three  db below  the  
upper  limit;  from  100  to  50 cycles  the  lower  limit  shall  fall  from  three  db 
limit  at  a uniform  rate  of  one  db  per  octave  (7  db at  50 cycles);  from  7,500  to  
15,000  cycles  the  lower  limit  shall  fall  from  three  db limit  at  a uniform  rate  
of  two  db per  octave  (5 db at  15,000  cycles).

NOTE: Measurements  of  distortion  using  de-emphasis  in the  measur 
ing  equipment  are  not  practical  at  the  present  time  for  the  range  
7,500  to  15,000  cycles  for  25 and  50 percent  modulation.  Therefore,  
measurements  should  be  made at  100  percent  modulation  and  on at  
least  the  following  modulating  frequencies:  50,  100,  U00,  1,000,  
5,000,  10,000,  and 15,000  cycles.  At  25 and  50 percent  modu
lation,  measurements  should  be made on at  least  the  following  
modulating  frequencies:  50,  100,  h-00,  1,000,  and 5,000  cycles.
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Enclosing .
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(7)  The percentage  of  modulation  of  the  aural  transmissions  shall  be 
maintained  as  high  as  possible  consistent  with  good  quality  of  transmission  and  
good  broadcast  practice  and  in  no case  less  than  85 percent  nor  more  than  100  per
cent  on  peaks  of  frequent  recurrence  during  any selection  which  normally  is  
transmitted  at  the  highest  level  of  the  program  under  consideration.

(2)  The transmitters  shall  be equipped  with  suitable  indicating  instru 
ments  for  the  determination  of  operating  power  and  with  other  instruments  necessary  
for  proper  adjustment,  operation,  and  maintenance  of  the  equipment.

(5) The transmitting  system  output  noise  level  (amplitude  modulation)  
in  the  band  of  50 to  15,000  cycles  shall  be at  least  50 db below  the  level  re 
presenting  100  percent  amplitude  modulation.

(3) Adequate  provision  shall  be made for  varying  the  output  power  of  
the  transmitters  to  compensate  for  excessive  variations  in  line  voltage  or for  
other  factors  affecting  the  output  power.

NOTE: 
read  as  follows:

(If-)  The transmitting  system  output  noise  level  (frequency  modulation)  
in the  band  of  50 to  15,000  cycles  shall  be at  least  55 db below  the  audio  fre 
quency  level  representing  a frequency  swing  of  ±25 kc.

(d)  Construction .--In  general,'the  transmitters  shall  be mounted  either  on 
racks  and  panels  or  in  totally  enclosed  frames  protected  as  required  by  article  
810  of  the  National  Electrical  Code,  and  as  set  forth  below:

(4)  Adequate  provisions  shall  be provided  in all  component  parts  to  
avoid  overheating  at  the  rated  maximum output  powers.

"a.  Enclosing . The transmitter  shall  be enclosed  in  a metal  frame  or  
grille,  or  separated  from  the  operating  space by  a  barrier  or  other  equivalent

( c ) Requirements  applicable  to  both  visual  and  aural  transmitters .--(1)  
Automatic  means shall  be  provided  in  the  visual  transmitter  to  maintain  the  
carrier  frequency  within  1 one  kilocycle  of  the  authorized  frequency;  automatic  
means shall  be provided  in the  aural  transmitter  to  maintain  the  carrier  fre 
quency  4.5  megacycles  above  the  actual  visual  carrier  frequency  within  + one  
kilocycle.

NOTE: For  the  purpose  of  these  measurements,  the  visual  transmitter  should  
be inoperative  since  the  exact  amount  of  noise  permissible  from  that  source  is  
not  known  at  this  time .

NOTE: For  the  purpose  of  these  measurements,  the  visual  transmitter  should  
be inoperative  since  the  exact  amount  of noise  permissible  from  that  source  is  
not  known  at  this  time.

(6)  If  a  limiting  or  compression  amplifier  is  employed,  precaution  
should  be maintained  in  its  connection  in  the  circuit  due  to the  use  of  pre 
emphasis  in  the  transmitting  system.

The pertinent  sections  of  article  810  of  the  National  Electrical  Code 
"8191.  General;  Transmitters  shall  comply  with  the  following:
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contact.

All  access  doors  shall  he provided  with

(^)  The following  provisions  shall  be applicable  to  metering  equipment:

2-4-56 (19)

(2)  Proper  bleeder  resistors  or  other automatic  means shall  be install 
ed across  all  the  capacitor  banks  to  lower  any  voltage  which  may remain  accessible  
with  access  door  open  to  less  than  350  volts  within  two  seconds  after  the  access  
door  is  opened.

(1)  Means shall  be provided  for  making  all  timing  adjustments,  requiring  
voltages  in  excess  of  350  volts  to  be applied  to  the  circuit,  from  the  front  of  the  
panels  with  all  access  doors  closed.

(iii)  Power  equipment  located  at  a television  broadcast  station  
not  directly  associated  with  the  transmitters  (not  purchased  as  
part  of  same),  such  as  power  distribution  panels,  are  not  subject  
to  the  provisions  of  this  subpart.

(3)  All  plate  supply  and  other  high  voltage  equipment,  including  trans 
formers,  filters,  rectifiers  and  motor  generators,  shall  be  protected  so  as  to  
prevent  injury  to  operating  personnel.

(ii)  Power  equipment  and  control  panels  of  the  transmitters  shall  
meet  the  above  requirements  (exposed  220-volt  A.C.  switching  equip 
ment'  on the  front  of  the  power  control  panels  is  not  recommended  
but  is  not  prohibited).

(i)  All  instruments  having  more  than  1,000  volts  potential  to  
ground  on  the  movement  shall  be protected  by  a cage  or  cover  in  
addition  to  the  regular  case.  (Some instruments  are  designed  by  
the  manufacturers  to  operate  safely  with  voltages  in  excess  of  
1,000  volts  on  the  movement.  If  it  can  be shown  by  the  manufactur 
er's  rating  that  the  instrument  will  operate  safely  at  the  applied  
potential,  additional  protection  is  not  necessary. )

(

(ii)  In  case  the  plate  voltmeters  are  located  on  the  low  potential  
side  of  the  multiplier  resistors  with  the  high  potential  terminal  
of  the  instruments  at  or  less  than  1,000  volts  above  ground,  no 
protective  case  is  required.  However,  it  is  good  practice  to  pro 
tect  voltmeters  subject  to  more  than  5,000  volts  with  suitable

(i)  Commutator  guards  shall  be  provided  on  all  high  voltage  ro 
tating  machinery.  Coupling  guards  should  be provided  on  motor  
generators .

"c.  Interlocks  on doors . All  access  doors  shall  be provided  with  
interlocks  which  will  disconnect  all  voltages  in excess  of  350  volts  when 
any  access  door  is  opened."

Grounding  of  controls . All  external  metallic  handles  and  con 
trols  accessible  to  the  operating  personnel  shall  be effectually  grounded.  
No circuit  in  excess  of  150  volts  shall  have  any  parts  exposed  to  direct  

A complete  dead-front  type  of  switchboard  is  preferred.
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North.
Latitude

83°24 ’ 00"  
84°12'  00"  
86°3O'OO"  
87058'30"  
90038'30"  
93°19'00"  
95°05'00"  
96°30'30"  
97032'00"

South
Latitude

(a)
(b)
(c)
(d)
(e)  Eff.  4-26-57
(f)
(g)
(h)
(i)

NOTE: Licensees  and  permittees  of  television  broadcast  stations  which  were  
operating  on  April  14,  1952  pursuant  to  one  or  more  separations  below  those  set  
forth  in  § 3-610  may continue  to  cc  operate,  but  in  no  event  may they  further  
reduce  the  separation  below  the  minimum.  As the  existing  separations  of  such  
stations  are  increased,  the  new separations  will  become the  required  minimum  
separations  until  separations  are  reached  which  comply  with  the  requirements  
of  § 3-610.  Thereafter,  the  provisions  of  said  section  shall be applicable.

29°40 ’ 00"
3O°O7'OO"
3O°31'OO"
3O°48'OO"
30°00' 00" (22FB1714)
3O°O4'30"
29°46 '00"
28°43 '00"
27052'30"

§3-610  Separations  -  (a)  The provisions  of  this  section  relate  to  assignment  
separations  and  station  separations.  Petitions  to  amend the  Table  of  Assign 
ments  (  § 3.606  (b))  (other  than  those  also  expressly  requesting  amendment  of  
this  section  or  § 3-609)  will  be dismissed  and  all  applications  for  new tele 
vision  broadcast  stations  or  for  changes  in  the  transmitter  sites  of  existing  
stations  will  not  be accepted  for  filing  if  they  fail  to  comply  with  the  re 
quirements  specified  in  paragraphs  (b),  (c)  and  (d)  of  this  section:

east  along  this  parallel  to  the  71st  meridian;  thence  in  a straight  line  to  
the  intersection  of  the  69th  meridian  and  the  45th  parallel;  thence  east  
along  the  45th  parallel  to  the  Atlantic  Ocean.  When any  of  the  above  lines  
pass  through  a city,  the  city  shall  be considered  to  be located  in  Zone  I.(See  
Figure  1 of  § 3-699-) zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA

(3) Zone  III  consists  of  that  portion  of  the  United  States  located  south  
of  a line,  drawn  on  the Ugited  States  Albers  Equal  Area  Projection  Map (based  
on standard  parallels  29g and  45a  ;  North  American  datum),  beginning  at  a point

When any of  the  above  arcs  pass  through  a city,  the  city  shall  be  considered  
to be located  in Zone  II.  (See  Figure  2 of  § 3-699-)

and  45g'  ;  North  American  datum),  beginning  at  a point  
on  the  east  coast  of  Gerogia  and  the  31st  parallel  and  ending  at  the  United  States-  
Mexican  border,  consisting  of  arcs  drawn  with  a  150  mile  radius  to  the  north  
from  the  following  specified  points:

(2)  Zone  II  consists  of  that  portion  of the  United  States  which  is  not  
located  in  either  Zone  I  or  Zone  III,  and  Puerto Bico,  Alaska,  Hawaiian  Islands  
and  the  Virgin  Islands.
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Length  of  scale  shall  be not  less  than  2 3/10  inches .(1)

(2) Accuracy  shall  be at  least  2 percent  of  the  full  scale  reading.

(3) Scale  shall  have  at  least  4-0  divisions.

w
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(2)  Section  8191  of  article  810  of  the  National  Electrical  Code shall  
apply  for  voltages  only  in  excess  of  500  volts.

(5)  No specifications  are  prescribed  at  this  time  regarding  the  peak  
indicating  device  required  by  § 3-689  (b).

(j)  Studio  equipment .--Studio  equipment  shall  be subject  to  all  the  above  
requirements  where  applicable,  except  as  follows:

Full  scale  reading  shall  be not  greater  than  five  times  the  minimum  
normal  indication.

§ 3.688  Indicating  instruments . —(a)  Each  television  broadcast  station  shall  
be equipped  with  indicating  instruments  for  measuring  the  direct  plate  voltage  
and  current  of  the  last  radio  stage  of  the  visual  and  aural  transmitters  and  the  
transmission  line  radio  frequency  current,  voltage,  or power  of  both  transmitters;  
such  instruments  shall  conform  to  the  specifications  therefor  set  forth  in this  
subpart.

(b)  The following  requirements  and  specifications  shall  apply  to  indicating  
instruments  used  by  television  broadcast  stations  in  compliance  with  paragraph  (a)  
of  this  section:

(3) No specific  requirements  are  made relative  to  the  design  and  acousti 
cal  treatment  of  studios.  However,  the  design  of  studios,  particularly  the  main  
studio,  shall  be compatible  with  the  required  performance  characteristics  of  tele 
vision  broadcast  stations.

(i)  Operation . —(1)  Spurious  emissions,  including  radio  frequency  harmonics,  
shall  be  maintained  at  as  low  a level  as  the  state  of  the  art  permits . As measured  
at  the  output  terminals  of  the  transmitter  (including  harmonic  filters,  if  required)  
all  emissions  removed  in  frequency  in  excess  of  3 Me above  or  below  the  respective  
channel  edge  shall  be attenuated  no less  than  60 db.  below  the  visual  transmitted  
power.  (The  60  db.  value  for  television  transmitters  specified  in  this  rule  should  
be considered  as.  a temporary  requirement  which  may be increased  at  QPONMLKJIHGFEDCBAa later  date,  
especially  when more  higher-powered  equipment  is  utilized.  Stations  should,  
therefore,  give  consideration  to  the  installation  of  equipment  with  greater  atten 
uation  than  60 db .)  In  the  event  of  interference  caused  to  any service  greater  
attenuation  will  be required.

(1)  If properly  covered  by  an underwriter's  certificate,  it  will  be 
considered  as  satisfying  safety  requirements.

(2)  If  a limiting  or  compression  amplifier  is  used  in  conjunction  with  
the  aural  transmitter,  due  operating  precautions  should  be maintained  because  of  
pre-emphasis  in  the  transmitting  system.
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(1)  Appropriate  entries  shall  be made in  the  operating  log  of  the  
station,  showing  the  date  and  time  the  meter  was removed  from  and  restored  to  
service. zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA

(3) If  the  defective  instrument  is  a plate  voltmeter  or  plate  ammeter  
in the  last  radio  stage,  the  operating  power  shall  be maintained  by  means of  the  
radio  frequency  transmission  line  meter.

(c)  Any required  instrument,  the  accuracy  of  which  is  questionable,  shall  not  
be employed.  Repairs  and  calibration  of  instruments  shall  be made by  the  manufac 
turer,  or by  an  authorized  instrument  repair  service  of  the  manufacturer,  or  by  some 
other  properly  qualified  or  equipped  instrument  repair  service.  In  any  case,  the  
repaired  instrument  must  be supplied  with  a certificate  of  calibration.

(2)  The Engineer  in Charge  of  the  radio  district  in  which  the  station  
is  located  shall  be  notified  both  immediately  after  the  instrument  is  found  to  
be defective  and  immediately  after  the  repaired  or  replacement  instrument  has  
been  installed  and  is  functioning  properly.

(f)  In  the  event  that  any  one  of  the  indicating  instruments  required  by  
paragraph  (a)  of  this  section  becomes  defective  when no substitute  which  con 
forms  with  the  required  specifications  is  available,  the  station  may be operated  
without  the  defective  instrument  pending  its  repair  or  replacement  for  a period  
not  in  excess  of  60 days:  Provided ,  That —

(d)  Recording  instruments  may be employed  in  addition  to  the  indicating  
instruments  to  record  the  direct  plate  current  and/or  voltage  to  the  last  radio  
stage  provided  that  they  do  not  affect  the  operation  of  the  circuits  or  accuracy  
of  the  indicating  instruments.  If  the  records  are  to  be used  in  any  proceeding  
before  the  Commission,  as  representative  of  operation,  the  accuracy  must  be the  
equivalent  of  the  indicating  instruments  and  the  calibration  shall  be checked  at  
such  intervals  as  to  insure  the  retention  of  such  accuracy.

(e)  The function  of  each  instrument  used  in the  equipment  shall  be clearly  
and  permanently  shown  on  the  instrument  itself  or  on the  panel  immediately  ad
jacent  thereto.

(U)  If  conditions  beyond  the  control  of  the  licensee  prevent  the  
restoration  of  the  meter  to  service  within  the  above  allowed  period,  informal  
request  may be filed  in  accordance  with  § 1-332  (d)  of  this  chapter  with  the  
Engineer  in  Charge  of  the  radio  district  in  which  the  station  is  located  for  
such  additional  time  as  may be required  to  complete  repairs  of  the  defective  
instrument .

§ 3-689  Operating  power —(a)  Determination —(1)  Visual  transmitter . —The 
operating  power  of the  visual  transmitter  shall  be determined  at  the  output  
terminal  of the  vestigial  sideband  filter,  if  such  filter  is  used;  otherwise,  
at  the  transmitter  output  terminal.  The average  power  shall  be measured  while  
operating  into  a dummy load  of  substantially  zero  reactance  and  a resistance  
equal  to  the  transmission  line  surge  impedance,  while  transmitting  a standard  
black  television  picture.  The peak  power  shall  be the  power  obtained  by  this  
method,  multiplied  by  the  factor  1.68.  During  this measurement  the  direct  plate  
voltage  and  current  of  the  last  radio  stage  and  the  peak  output  voltage  or  cur 
rent  shall  be read  for  use below.

2-U-56
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(2)  Aural  transmitter . —The operating  power  of  the  aural  transmitter  
shall  be maintained  as  near  as  practicable  to  the  authorized  operating  power,  and  
shall  not  exceed  the  limits  of  10 percent  above  and  20  percent  below  the  author 
ized power  except  in  emergencies.

(3) Reduced  power . —In  the  event  it  becomes  impossible  to  operate  with  
the  authorized  power,  the  station  may be operated  with  reduced  power  for  a period  
of  10  days  or  less  provided  the  Commission  and  the  Engineer  in  Charge  of  the  radio  
district  in  which  the  station  is  located  shall  be notified  in  writing  immediately  
thereafter  and  also  upon  the  resumption  of  the  normal  operating  power.

(2)  Aural  transmitter . —The operating  power  of  the  aural  transmitter  
shall  be determined  by  the  indirect  method.  This  is  the  product  of  the  plate  
voltage  (Ep)  and  the  plate  current  ( Ip )  .of  the  last  radio  stage,  and  an  efficiency  
factor,  F;  that  is:

Ip  x

(b)  Maintenance —(1)  Visual  transmitter . —The peak  power  shall  be monitered  
by  a peak  reading  device  which  reads  proportionally  to  voltage,  current,  or power  
in the  radio  frequency  transmission  line,  the  meter  to  be calibrated  during  the  
measurement  described  in  paragraph  (a)(1)  of  this  section.  The operating  power  
as  so  monitored  shall  be  maintained  as  near  as  practicable  .to  the  authorized  
operating  power  and  shall  not  exceed  the  limits  of  10 percent  above  and  20  percent  
below  the  authorized  power  except  in  emergencies . As a further  check,  both  the  
plate  voltage  and  plate  current-  of  the  output  stage  shall  be measured  with  a stand 
ard  black  television  picture  with  the  transmitter  operating  into  the  antenna.  These  
values  must  agree  substantially  with  corresponding  readings  taken  under  paragraph  
(a)(1)  of  this  section.

(i)  The efficiency  factor,  F,  shall  be established  by  the  trans 
mitter  manufacturer  for  each  type  of  transmitter  for  which  he sub 
mits  data  to  the  Commission,  and  shall  be shown  in the  instruction  
books  supplied  to  the  customer  with  each  transmitter.  In  the  case  
of  composite  equipment,  the  factor  F shall  be furnished  to  the  
Commission  by  the  applicant  along  with  a  statement  of the  basis  
used  in determining  such  factor.

Operating  power  ;  Ep x
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MONITORING EQUIPMENT

2-4-56
(1)

§ 3-690  Frequency  monitors .-- (a)  The licensee  of  each  television  broadcast  
station  shall  have  in  operation  at  the  transmitter approved  frequency  monitors  
independent  of  the  frequency  control  of  the  transmitters .

(1)  Appropriate  entries  shall  be made in  the  operating  log  of  the  
station  to  show the  date  and  time  the  equipment  was removed  from  and  restored  
to  service.

(2)  The Engineer  in  Charge  of  the  radio  district  in  which  the  station  
is  located  shall  be  notified  both  immediately  after  the  equipment  is  found  to be  
defective  and  immediately  a.fter  the  repaired  or  replacement  equipment  has  been  
installed  and is  functioning  properly.

(3)  During  the  period  when the  station  is  operated  without  the  visual  
or  aural  frequency  monitor,  the  respective  carrier  frequency  shall  be compared  
with  an  external  frequency  source  of  known  accuracy  at  sufficiently  frequent  
intervals  to  insure  that  the  frequency  is  maintained  within  the  tolerance  pre 
scribed  in  § 3-68?  (c)  (1).  An entry  shall  be made in the  station  log  as  to  the  
method  used  and  the  results  thereof.

(4)  If  conditions  beyond  the  control  of  the  licensee  or  permittee  
prevent  the  restoration  of  the  monitor  or monitoring  equipment  to  service  within  
the  period  specified  above,  an informal  request  in  accordance  with  § 1.33?  (<3)  
of  this  chapter  may be filed  with  the  Engineer  in  Charge  of  the  radio  district  
in  which  the  station  is  located  for  such  additional  time  as  may be required  to  
complete  repairs  of  the  defective  instrument  or  equipment.

(b)  In  the  event  the  visual  monitoring  equipment  or  the  aural  modulation  
monitor  becomes  defective,  the  station  may be operated  without  such  equipment

(b)  In  the  event  the  visual  or  aural  frequency  monitor  becomes  defective,  
the  station  may be operated  without  such  equipment  pending  its  repair  or  replace 
ment  for  QPONMLKJIHGFEDCBAa. period not  in  excess  of  60  days  without  further  authority  of  the  
Commission:  Provided ,  That:

NOTE: Approved  frequency  monitors  are  included  on the  Commission's  "Radio  
Equipment  List,  Part  A,  Television  Broadcast  Equipment."  Copies  of  this  list  
are  available  for  inspection  at  the  Commission's  office  in  Washington,  D.C.,  
and  at  each  of  its  field  offices.

§ 3-691  Modulation  monitors .-- (a)  The licensee  of  each  television  broadcast  
station  shall  have  in  operation  at  the  transmitter  an approved  modulation  monitor  
for  the  aural  transmitter.  There  shall  also  be employed  sufficient  monitoring  
equipment  for  the  visual  signal  to  determine  that  the  signal  complies  with  the  
requirements  of  this  subpart.

NOTE: Approved  aural  modulation  monitors  are  included  on the  Commission's  
"Radio  Equipment  List,  Part  A,  Television  Broadcast  Equipment."  Copies  of  this  
list  are  available  for  inspection  at  the  Commission's  office  in  Washington,  D.C.,  
and  at  each  of  its  field,  offices .



3.691  (b)  -  3-692  (d)

(b)

2  —U—56
(2)

5

issued  to  the  manufacturer.
Laurel,  Maryland,  shall  be  paid  for  by  the  manufacturer.
will  only  be given  on  the  basis  of  the  data  obtained  from  the  sample  monitor 5 
submitted  to  the  Commission  for  test.

(d)  A monitor  which  is  not  included  on  the  Commission's  Radio  Equipment  
List,  Part  A,  Television  Broadcast  Equipment,  but  is  in  use  at  a television  sta 
tion  prior  to  December  12,  1955  > may continue  to  be  used  by  the  licensee,  his  
successors  or  assignees  in  business  until  June  1,  1957-

(1)  Appropriate  entries  shall  be  made in  the  operating  log  of the  sta 
tion  to  show the  date  and  time  the  equipment  was removed  from  and  restored  to  • 
service .

§ zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA3•692  General  requirements  for  type  approval  of  frequency  and  modulation  
monitors . --(a)  Any  manufacturer  desiring  to  submit  a monitor  for  type  approval  
shall  supply  the  Commission  with  full  specification  details  (two  sworn  copies)  
as  well  as  the  test  data  specified  in  §§ 3-693  and  3-69\-_  If  this  information  
appears  to  meet  the  requirements  of  the  rules,  shipping  instructions  will  be

The shipping  charges  to  and  from  the  Laboratory  at  
Approval  of  a monitor

(2)  The Engineer  in  Charge  of  the  radio  district  in  which  the  station  
is  located  shall  be notified  both  immediately  after  the  equipment  is  found  to  be 
defective  and  immediately  after-the  repaired  or  replacement  equipment  has  been  
installed  and  is  functioning  properly.

• utsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAi
(3)  During  the  period  when the  station  is  operated  without  the  aural  

modulation  monitor  or  the  visual  monitoring  equipment,  the  licensee  shall  provide  
other  suitable  means for  insuring  that  the  aural  modulation  is  maintained  within  
the  tolerance  prescribed  in  § 3-68?  (b)  (7)  and  that  the  visual  signal  is  main 
tained  in  accordance  with  the  requirements  of  this  subpart.

(U)  If  conditions  beyond  the  control  of the  licensee  or  permittee  .pre 
vent  the  restoration  of  the  monitor  or  monitoring  equipment  to  service  within  the  
period  specified  above,  an informal  request  in  accordance  with  § 1.332  (d)  of  this  
chapter  may be filed  with  the  Engineer  in  Charge  of  the  radio  district  in  which  
the  station  is  located  for  such  additional  time  as  may be required  to  complete  re 
pairs  of  the  defective  instrument  or  equipment.

In  approving  a monitor  upon  the  basis  of  the  tests  conducted  by  the  
Laboratory,  the  Commission  merely  recognizes  that  the  type  of  monitor  has  the  
inherent  capability  of  functioning  in  compliance  with  the  rules,  if  properly ’  
constructed,  maintained,  and  operated.  The Commission  realizes  that  the  fre 
quency  monitor  may have  limited  range  over  which  the  visual  indicator  will  de
termine  deviations.  Accordingly,  it  is  necessary  that  adjunct  equipment  be used  
to  determine  major  deviations.  J

(c)  Additional  rules  with  respect  to  withdrawal  of  type  approval,  modifica 
tion  of  type  approved  equipment  and  limitations  on the  findings  upon  which  type  
approval  is  based  are  set  forth  in  Pert  2,  Subpart  F,  of  this  chapter.

pending  its  repair  or  replacement  for  a period  not  in  excess  of  60 days  without  
further  authority  of  the  Commission:  Provided ,  That:
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(7)  Means shall  be provided  for  insuring  power  input  level.

or  more .

(3) Accuracy  of  reading  of  the  frequency  deviation  instrument.

(4-)  Functioning  of  frequency  adjustment  device.

(3)2  - U- 56

(3) The scale  of  the  indicating  device  shall  be calibrated  in  divisions  
of  not  more  than  100  cycles.

(2)  Constancy  of  oscillator  frequency  when subject  to  vibration  tests  
which  would  correspond  to  the  treatment  received  in  shipping,  handling  and  install 
ing  the  instrument.

(2)  The range  of  the  indicating  device  for  the  aural  monitor  shall  be 
at  least  3000  cycles  below  to  3000  cycles  above  the  assigned  center  frequency.  
Alternatively,  the  aural  monitor  may use  an indicating  device  with  a similar  
scale  to  indicate  the  difference-frequency  between  the  aural  and  visual  carriers.  
The range  of  the  indicating  device  for  the  visual  monitor  shall  be at  least  1500  
cycles  below  to  1500  cycles  above  the  assigned  carrier  frequency.

(5) The monitors  shall  be capable  of  continuous  operation  and  the  cir 
cuits  shall  be  such  as  to  permit  continuous  monitoring  of  the  transmitter  carrier  
frequencies,  and  the  difference-frequency  between  the  visual  and  aural  carriers  
if  this  method  of  measurement  is  used.

(1)  The monitors  shall  have  an accuracy  of  better  than  500  cycles  for  
30 days  under  ordinary  conditions  (ambient,  temperature  from  10°  centigrade  to  
4o°  centigrade  above  zero,  humidity  from  10 percent  to  95 percent  relative  
humidity,  power  supply  variations  from  90 percent  to  110  percent,  and  other  con 
ditions  which  may affect  its  accuracy)  encountered  in television  broadcast  sta 
tions  throughout  the  United States .

(U)  Means shall  be  provided  for  adjustment  of  the  monitor  indication  to  
agree  with  an external  standard.

§ 3-693  Requirements  for  type  approval  of  frequency  monitors . —(a)  The specifi 
cations  that  frequency  monitors  shall  meet  before  they  will  be approved  by  the  
Commission  are  as  follows:

(6)  Operation  of  the  monitors  shall  have  no adverse  effect  on the  
operation  of  either  the  aural  or visual  transmitters  or  the  signals  emitted  there 
from  and  shall  be independent  of  the  frequency  control  of  the  transmitters.

(8)  General  design,  construction  and  operation  shall  be in accordance  
with  good  engineering  practice.

(b)  Tests  to be  made for  approval  of  television  broadcast  frequency  monitors.  
The manufacturer  of  a  monitor  shall  submit  data  on the  following  at  the  time  of  
requesting  approval:

(1)  Constancy  of  oscillator  frequency,  as  measured  daily  for  one  month,
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(6)  Response  of  indicating  instrument  to  small  changes  of  frequency. zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA

(M2-^6

(t>)  The specifications  that  the  aural  modulation  monitor  shall  meet  before  
it  will  be approved  by  the  Commission  are  as  follows:

(1)  Means shall  be provided  for  indicating  that  the  signal  input  to  
the  modulation  monitor  is  in  the  range  required  for  proper  operations.

(k)  When modulation  of  a magnitude  necessary  to  produce  a deflection  
equivalent  to  100  percent  modulation  is  suddenly  applied  and  left  on,  the  indicating  
instrument  shall  not  deflect  beyond  110  percent  on  the  first  passage  of  the  100  
percent  mark  and  shall  have  excursion  from  the  final value  of  less  than  1 percent  
after  one  second  or  more.

(c)  Various  other  tests  may be made or  required,  Buch  as  effects  of  variation  
of  input  from  the  transmitter  depending  upon  the  character  of  the  apparatus.

(6)  The indicated  reading  in  percentage  shall  be accurate  within  t.5  
100  percent  modulation)  at  any  percentage  of  modulation  up to  100.

(5)  Effects  on  frequency  readings,  of  the  changing  of  tubes,  of  voltage  
variations,  and  of  variations  of  room  temperature  through  a range  from  10°  to  k0°  C.

(3)  A quasi-peak  indicator  with  a meter  having  the  characteristics  
given  below  shall  be  used  with  a circuit  such  that  peaks  of  modulation  of  duration  
between  40 and  90  milliseconds  are  indicated  to  90  percent  of  full  value  and  the  
discharge  rate  adjusted  so  that  the  pointer  returns  from  full  reading  to within  
10 percent  of  zero  within  500  to  800 milliseconds.  A switch  shall  be provided  
so  that  this  meter  will  read  either  positive  or negative  swings.  Until  June  1,  
1957,  however,  monitors  having  meters  which  read  either  positive  or  negative  swings  
will  be eligible  for  type  approval.

(based  on

(5)  The meter  scale  shall  be similar  in appearance  to  that  of  a standard  
VU meter.  The scale  length  between  0 and  100  percent  modulation  markings  shall  be 
at  least  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA2.3 inches.  In  addition  to  other  markings  a small  marker  for  133 percent  
modulation,  designated  as  such,  should  be included  for  the  purpose  of  testing  the  
transmitter  with  33-3  kc  swing.

(d)  Tests  shall  be conducted  in  such  a manner  as  to  approximate  actual  oper 
ating  conditions  as  nearly  as  possible.  The equipment  shall  be tested  on  the  
highest  channel  for  which  it  is  designed.

(7) General  information  on the  effect  of  tilting  or  tipping  or  other  
tests  to  determine  ability  of  equipment  to  withstand  shipment.

§ 3-69^  Requirements  for  type  approval  of  aural  modulation  monitors . —(a)  The 
required  aural  modulation  monitor  may or  may n.ot  be a part  of  the  frequency  monitor.

(2)  A modulation  peak  indicating  device  shall  be provided  that  can  be 
set  at  any  pre-determined  value  from  50 to  120  percent  modulation  (+25  kc  swing  is  
defined  as  100  percent  modulation)  and  for  either  positive  or  negative  swings  (i.e.  
either  above  or  below  transmitter  center  frequency) .



3.69^ tsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA(b)  (7)  -  3-698

(8)  The monitor  shall  not  absorb  appreciable  power  from  the  transmitter.

(2) Distortion  in  the  response.

(3) Input  signal  power  required. zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA

(M

(5)  Ballistic  characteristics  of  the  monitor  indicator.

§§ 3'695-3-697  (Reserved.)

§ 3-698  Tables. utsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA

I

(5)

(7)  The frequency  characteristic  curve  as  measured  at  50 percent  modula 
tion  shall  not  depart  from  a straight  line  more  than  +§•  db from  50 to  15,000  cycles.  
Distortion  shall  be kept  to  a minimum.

Tests  to  be made for  approval  of  television  broadcast  aural  modulation  
The manufacturer  of  a monitor  shall  submit  data  on the  following  at  the

(e)
operating  conditions  as  nearly  as  possible.
highest  channel  for  which  it  is  designed.

(10)  General  design,  construction,  and  operation  shall  be in  accordance  
with  good  engineering  practice .

(1)  Audio  frequency  response  of  the  monitor  from  50 to  15,000  cycles  in  
db from  the  response  at  UOO cycles.

Permissible  tolerance  on input  signal  power  to  keep  the  meter  read 
ing  correct  within  5 percent  units.

(c)  
monitors .  
time  of  requesting  approval:

(d)  Various  other  tests  may be  made or  required  depending  on the  character  
of  the  appa.ratus .

(9)  Operation  of  the  monitor  shall  have  no adverse  effect  on the  operation  
of  the  transmitter.

Tests  shall  be conducted  in  such  a manner  as  to  approximate  actual
The equipment  shall  be  tested  on the
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Table  I  gives  the  distance  of  a television  station's  signal  as  limited  by  
noise  for  50 percent  and  70 percent  of  the  locations  for  the  low band  VHF,  high  
band  VHF and  UHF in  the  presence  of noise  only.

Table  IV  gives  the  radii  of  the  interfering  signals  which  reduce  the  70 per 
cent  noise  limitation  to  an  overall  limitation  of  50 percent.

Table  III  gives  the  point,  on a direct  line  between  stations,  at  which  
Grade  B  service  will  be limited  by  co-channel  interference  on the  basis  of  the  
single  station  method  of  computation.  2/  
distances  between  those  listed.

In  order  that  rapid  determinations  may be reached,  an abbreviated  method  is  
to be used  in  employing  the  Tables.  In  constructing  the  Tables  it  has  been  as 
sumed that  a contour  which  reflects  the  effect  of  each  interfering  station  sep 
arately  will  approximate  that  derived  from  computing  the  simultaneous  effect  of  
several  interfering  signals  since  the  interference  from  the  nearest  station  will  
predominate .

17 See ' ’ Present  Knowledge  of  Propagation  in the VHF and  UHF TV bands,"  W. C.  
Boese  and  H.  Fine  TRR 2.4.15,  November  15,  1955-
2/  The figures  in the  Table  were  computed  by  obtaining  the point  on a line  
between  stations  at  which  the  desired  field  exceeds  the  undesired  by  the  required  
ratio.  This  does  not  give  the  precise  point  at  which  Grade  B service  is  limited  
since  receiver  noise  factor  is  not  considered.  In  dealing  with  stations  in the  
low  VHF band,  it  would  be  necessary  to  consider  nonoffset  stations  as  far  re 
moved as  65O miles  in  order  to  take  noise  also  into  account.  When using  the  sim 
ple  method  employed  here  for  the  spacings  usually  encountered  the  results  may 
place  the  service  contours  from  1 to  4 miles  beyond  the  actual  figure  that  will  
be  obtained  if  noise  were  also  taken  into  account.  Nevertheless,  we believe  the  
suggested  method  affords  results  of  sufficient  accuracy  for  present  purposes.

The accompanying  Tables,  which  have  been  drawn  up on the  basis  of  new propa 
gation  data,  1/  provide  the  basis  for  determining  the  Grade  B service  contours  
of  televison  stations  in  the  presence  of noise  and  co-channel  interference.

The Tables  are  based  on  new minimum  local  field  intensities  of  35;  44,  and  
53 dbu  in  the  presence  of noise  for  low  VHF,  high  VHF and  UHF, respectively,  
and  on  a  maximum receiving  antenna  discrimination  of  6 db for  VHF and  13 db for  
UHF. These  new figures  are  employed  in  light  of experience  and  improvement  in  
the  art  since  the  Sixth  Report  and  Order.  They  represent  the  following  changes  
from  the  values  employed  at  the  time  of  the  Sixth  Report  and  Order.  A 6 db 
improvement  in  the  receiver  noise  figure  for  low  VHF, a 4 db improvement  in the  
receiver  noise  figure  and  a 3 db improvement  in the  receiving  antenna  gain  for  
high  VHF,  and  a 5 db improvement  in  the  receiver  noise  figure  and  a 2 db  im 
provement  in  transmission  line  loss  for  UHF. Maximum power  for  VHF stations,  
1,000  kw for  UHF stations  and  1,000  foot  transmitting  antenna  heights  have  been  
assumed  in  compiling  the  Tables.  All  of  the  data  underlying  the  Tables  are  
based  on  the  foregoing  assumptions  and  on 90 percent  service  time  probability.

Table  II  gives  the  minimum  spacing  between  co-channel  stations  in  order  
that  their  Grade  B  contours  will  be limited  by  noise  only.  When stations  are  
spaced  at  distances  less  than  those  indicated,  their  service  areas  will  be 
limited  by  the  resulting  interference.



The following  example  explains  how the  tables  should  be used:
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The Grade  B contour  limitations  for  Station  A are  shown  in  the  figure  as  
indicated  by  the  arrows .

Two additional  points  should  now ’ be located  to  determine  the  limitation  of  
the  Grade  B contour  of  Station  A .in  the  presence  of  noise  and  interference  from  
Station  B.  These  additional  two  points  may be located  from  Table  IV.  From 
this  Table  find  the  pertinent  distance  dp.  The required  points  will  be this  
distance  from  Station  B — the  undesired  station  — and  will  lie  on  the  70 per 
cent  location  noise-limited  contour  of  Station  A,  i.e.,  at  points  x  and  y  in  the  
diagram.  In  the  example  dp is  208  miles.  These  points  will  be  positioned  sym
metrically  with  relation  to  the  point  already  determined  above  and,  will  indicate  
where  noise  will  limit  service  to  70  percent  of  the  locations.  The cumulative  
effect  would  thus  be a limitation  of  service  to  50  percent  of  the  locations.

From Table  I  draw  the  50 percent  and  70 percent  location  contours  as  limited  
by  noise»  These  are  found  to be circles  of  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA78 and  71  mile  radii,  respectively.  
The contour  limitation  of  Station  A in the  directbn  of  Station  B can  be obtained  
by  finding  from  Table  III  the  distance  to  the  interference-free  Grade B contour  
d]_  for  a spacing  of  180  miles  for  low  VBF stations  operating  on  an  offset  basis.  
This  ccutour  is  found  to  fall  50 miles  from  Station  A,  and  this  point  should  be 
plotted  on  a line between  Stations  A and  B.

Consider  three  co-channel  TV stations  in  the  low  VBF band:  Stations  A,  
B and  C (see  fig.  1).  The stations  are  offset.  Station  A is  180 miles  from  
Station  B and  225  miles  from  Station  C. Station  B is  290 miles  from  Station  C.  
The problem  is  to  determine  the  limitations  of  the  Grade  B contour  of  Station  A 
in  the  presence  of  noise  and  the  interfering  signals  from  stations  B and  C.

The Grade  B contour  of  Station  A as  limited  by  noise,  and  interference  from  
Station  B will  be determined  by  an  arc  of  a circle  drawn  through  the  three  points  
which  have  'been  located.  The above  procedure  should  be repeated  for  Station  C.
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Fig u r e  1.

Example of Service Computation—Low VHF.
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RECEIVER LOCATIONS FOR AT LEAST 50 PERCENT OF THE TIME 

AT A RECEIVING ANTENNA HEIGHT OF 30 FEET

F(50,50) Ch a n n e l s 2-6
14-83

5

I

I 
■I 
I

g 
ffl 
SbaZYXWVUTSRQPONMLKJIHGFEDCBA

I

§

I
i

I10’

SOO100 ___________ ZOO_________3 . ! , , 1,000

IMS

S 
s 
5

I
32 

£

I 
I 
I
<§ 

$ 
& 
I 
£
s 

I

I
-S2 

I

1

I
I 
I

£

§

§  

J 
•s

I 
<0 

£

’ I

I-SB ,o4



10*EOrzyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAl20r

iio--

10’100

9C

80utsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
f

10*co

IO‘

1

201 10

0

10"-201-20-

10,0008 81,000 5000500 2,000TSRQPONMLKJIHGFEDCBA

T ra nsm itting  A n te n na  H e igh t in  F e e t

FIGURE 10

3419781 0—50 (Face blank p. 86) No. 10

TELEVISION CHANNELS 7-13

ESTIMATED FIELD STRENGTH EXCEEDED AT 50 PERCENT OF THE POTENTIAL 
RECEIVER LOCATIONS FOR AT LEAST 50 PERCENT OF THE TIME

AT A RECEIVING ANTENNA HEIGHT OF 30 FEET
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ASSUMED IDEAL DETECTOR OUTPUT
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