
242

47 CFR Ch. I (10–1–03 Edition)§ 87.139

Class of emission Emission desig-
nator 

Authorized bandwidth (kilohertz) 

Below 50 
MHz 

Above 50 
MHz 

Fre-
quen-
cy de-

vi-
ation 

G3E 6 ..................................................................................................... 16K0G3E 20 5
G7D ....................................................................................................... 14K0G7D 25
H2B 10 11 ............................................................................................... 2K80H2B 3.0
H3E 11 12 ............................................................................................... 2K80H3E 3.0
J2A 1 ...................................................................................................... 100HJ2A 0.25
J2B 1 ...................................................................................................... 1K70J2B 1.7

2K40J2B 2.5
J3E 11 12 ................................................................................................ 2K80J3E 3.0
J7B 11 ..................................................................................................... 2K80J7B 3.0
J7D ........................................................................................................ 5M0J7D (9) 
J9W 11 .................................................................................................... 2K80J9W 3.0
M1A ....................................................................................................... 620HM1A 
NON ...................................................................................................... NON None 15

PON 13 ................................................................................................... (9) (9) 
R3E 11 12 ............................................................................................... 2K80R3E 3.0
XXA 14 .................................................................................................... 1K12XXA 2.74

NOTES:
1 A1A, F1B, J2A and J2B are permitted provided they do not cause harmful interference to H2B, J3E, J7B and J9W. 
2 For use with an authorized bandwidth of 8.0 kilohertz at radiobeacon stations. A3E will not be authorized: 
(i) At existing radiobeacon stations that are not authorized to use A3 and at new radiobeacon stations unless specifically rec-

ommended by the FAA for safety purposes. 
(ii) At existing radiobeacon stations currently authorized to use A3, subsequent to January 1, 1990, unless specifically rec-

ommended by the FAA for safety purposes. 
3 In the band 117.975–136 MHz, the authorized bandwidth is 25 kHz for transmitters approved after January 1, 1974.≤
4 Applicable only to Survival Craft Stations and to the emergency locator transmitters and emergency locator transmitter test 

stations employing modulation in accordance with that specified in § 87.141 of the Rules. The specified bandwidth and modula-
tion requirements shall apply to emergency locator transmitters for which approval is granted after October 21, 1973. 

5 This emission may be authorized for audio frequency shift keying and phase shift keying for digital data links on any fre-
quency listed in § 87.263(a)(1), § 87.263(a)(3) or § 87.263(a)(5). 13K0A2D emission may be authorized on frequencies not used 
for voice communications. If the channel is used for voice communications, 13K0A9W emission may be authorized, provided the 
data is multiplexed on the voice carrier without derogating voice communications. 

6 Applicable to operational fixed stations in the bands 72.0–73.0 MHz and 75.4–76.0 MHz and to CAP stations using F3 on 
143.900 MHz and 148.150 MHz. 

7 Applicable to operational fixed stations presently authorized in the band 73.0–74.6 MHz. 
8 The authorized bandwidth is equal to the necessary bandwidth for frequency or digitally modulated transmitters used in aero-

nautical telemetering and associated aeronautical telemetry or telecommand stations operating in the 1435–1535 MHz and 
2310–2390 MHz bands. The necessary bandwidth must be computed in accordance with part 2 of this chapter. 

9 To be specified on license. 
10 H2B must be used by stations employing digital selective calling. 
11 For A1A, F1B and single sideband emissions, except H2B, the assigned frequency must be 1400 Hz above the carrier fre-

quency. 
12 R3E, H3E, and J3E will be authorized only below 25000 kHz. Only H2B, J3E, J7B, and J9W are authorized, except that 

A3E and H3E may be used only on 3023 kHz and 5680 kHz for search and rescue operations. 
13 The letters ‘‘K, L, M, Q, V, W, and X’’ may also be used in place of the letter ‘‘P’’ for pulsed radars. 
14 Authorized for use at radiobeacon stations. 
15 Applicable only to transmitters of survival craft stations, emergency locator transmitter stations and emergency locator trans-

mitter test stations approved after October 21, 1973. 
16 Authorized for use by aircraft earth stations. Lower values of necessary and authorized bandwidth are permitted. 

(b) For other emissions, an applicant 
must determine the emission desig-
nator by using part 2 of this chapter. 

(c) A license to use radiotelephony 
includes the use of tone signals or sig-
naling devices whose sole function is to 
establish or maintain voice commu-
nications. 

[53 FR 28940, Aug. 1, 1988, as amended at 55 
FR 7333, Mar. 1, 1990; 55 FR 13535, Apr. 11, 
1990; 55 FR 28627, July 12, 1990; 56 FR 11518, 
Mar. 19, 1991; 57 FR 45749, Oct. 5, 1992; 58 FR 
30127, May 26, 1993; 63 FR 36607, July 7, 1998; 
63 FR 68957, Dec. 14, 1998; 64 FR 27475, May 20, 
1999; 66 FR 26799, May 15, 2001]

§ 87.139 Emission limitations. 

(a) Except for ELTs and when using 
single sideband (R3E, H3E, J3E), or fre-
quency modulation (F9) or digital mod-
ulation (F9Y) for telemetry or tele-
command in the frequency bands 1435–
1535 MHz and 2310–2390 MHz or digital 
modulation (G7D) for differential GPS, 
the mean power of any emission must 
be attenuated below the mean power of 
the transmitter (pY) as follows: 

(1) When the frequency is removed 
from the assigned frequency by more 
than 50 percent up to and including 100 
percent of the authorized bandwidth 
the attenuation must be at least 25 dB; 
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(2) When the frequency is removed 
from the assigned frequency by more 
than 100 percent up to and including 250 
percent of the authorized bandwidth 
the attenuation must be at least 35 dB. 

(3) When the frequency is removed 
from the assigned frequency by more 
than 250 percent of the authorized 
bandwidth the attenuation for aircraft 
station transmitters must be at least 
40 dB; and the attenuation for aero-
nautical station transmitters must be 
at least 43 + 10 log10 pY dB. 

(b) For aircraft station transmitters 
and for aeronautical station transmit-
ters first installed before February 1, 
1983, and using H2B, H3E, J3E, J7B or 
J9W, the mean power of any emissions 
must be attenuated below the mean 
power of the transmitter (pY) as fol-
lows: 

(1) When the frequency is removed 
from the assigned frequency by more 
than 50 percent up to and including 150 
percent of the authorized bandwidth of 
4.0 kHz, the attenuation must be at 
least 25 dB. 

(2) When the frequency is removed 
from the assigned frequency by more 
than 150 percent up to and including 250 
percent of the authorized bandwidth of 
4.0 kHz, the attenuation must be at 
least 35 dB. 

(3) When the frequency is removed 
from the assigned frequency by more 
than 250 percent of the authorized 
bandwidth of 4.0 kHz for aircraft sta-
tion transmitters the attenuation must 
be at least 40 dB; and for aeronautical 
station transmitters the attenuation 
must be at least 43 + 10 log10 pY dB. 

(c) For aircraft station transmitters 
first installed after February 1, 1983, 
and for aeronautical station transmit-
ters in use after February 1, 1983, and 
using H2B, H3E, J3E, J7B or J9W, the 
peak envelope power of any emissions 
must be attenuated below the peak en-
velope power of the transmitter (pX) as 
follows: 

(1) When the frequency is removed 
from the assigned frequency by more 
than 50 percent up to and including 150 
percent of the authorized bandwidth of 
3.0 kHz, the attenuation must be at 
least 30 dB. 

(2) When the frequency is removed 
from the assigned frequency by more 
than 150 percent up to and including 250 

percent of the authorized bandwidth of 
3.0 kHz, the attenuation must be at 
least 38 dB. 

(3) When the frequency is removed 
from the assigned frequency by more 
than 250 percent of the authorized 
bandwidth of 3.0 kHz for aircraft trans-
mitters the attenuation must be at 
least 43 dB. For aeronautical station 
transmitters with transmitter power 
up to and including 50 watts the at-
tenuation must be at least 43 + 10 log10 
pX dB and with transmitter power 
more than 50 watts the attenuation 
must be at least 60 dB. 

(d) Except for telemetry in the 1435–
1535 MHz band, when the frequency is 
removed from the assigned frequency 
by more than 250 percent of the author-
ized bandwidth for aircraft stations 
above 30 MHz and all ground stations 
the attenuation must be at least 43+10 
log10 pY dB. 

(e) When using frequency modulation 
or digital modulation for telemetry or 
telecommand in the 1435–1535 MHz and 
2310–2390 MHz frequency bands with an 
authorized bandwidth equal to or less 
than 1 MHz the emissions must be at-
tenuated as follows: 

(1) On any frequency removed from 
the assigned frequency by more than 
100 percent of the authorized band-
width up to and including 100 percent 
plus 0.5 MHz, the attenuation must be 
at least 60 dB, when measured in a 3.0 
kHz bandwidth. This signal need not be 
attenuated more than 25 dB below 1 
milliwatt. 

(2) On any frequency removed from 
the assigned frequency by more than 
100 percent of the authorized band-
width plus 0.5 MHz, the attenuation 
must be at least 55 + 10 log10 pY dB 
when measured in a 3.0 kHz bandwidth. 

(f) When using frequency modulation 
or digital modulation for telemetry or 
telecommand in the 1435–1535 MHz or 
2310–2390 MHz frequency bands with an 
authorized bandwidth greater than 1 
MHz, the emissions must be attenuated 
as follows: 

(1) On any frequency removed from 
the assigned frequency by more than 50 
percent of the authorized bandwidth 
plus 0.5 MHz up to and including 50 per-
cent of the authorized bandwidth plus 
1.0 MHz, the attenuation must be 60 dB, 
when measured in a 3.0 kHz bandwidth. 
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The signal need not be attenuated 
more than 25 dB below 1 milliwatt. 

(2) On any frequency removed from 
the assigned frequency by more than 50 
percent of the authorized bandwidth 
plus 1.0 MHz, the attenuation must be 
at least 55 + 10 log10 pY dB, when meas-
ured in a 3.0 kHz bandwidth. 

(g) The requirements of paragraphs 
(e) and (f) of this section apply to 
transmitters approved after January 1, 
1977, and to all transmitters first in-
stalled after January 1, 1983. 

(h) For ELTs operating on 121.500 
MHz, 243.000 MHz and 406.025 MHz the 
mean power of any emission must be 
attenuated below the mean power of 
the transmitter (pY) as follows: 

(1) When the frequency is moved from 
the assigned frequency by more than 50 
percent up to and including 100 percent 
of the authorized bandwidth the at-
tenuation must be at least 25 dB; 

(2) When the frequency is removed 
from the assigned frequency my more 
than 100 percent of the authorized 
bandwidth the attenuation must be at 
least 30 dB. 

(i) In case of conflict with other pro-
visions of § 87.139, the provisions of this 
paragraph shall govern for aircraft 
earth stations. When using G1D, G1E, 
or G1W emissions in the 1646.5–1660.5 
MHz frequency band, the emissions 
must be attenuated as shown below. 

(1) At rated output power, while 
transmitting a modulated single car-
rier, the composite spurious and noise 
output shall be attenuated below the 
mean power of the transmitter, pY, by 
at least:

Frequency 
(MHz) Attenuation (dB) 1

.005–1559 83 or (65+10 log10 pY), whichever is greater. 
1559–18000 55 or (37+10 log10 pY) 2, whichever is great-

er. 

1 These values are expressed in dB below the carrier ref-
erenced to a 4 kHz bandwidth and relative to the maximum 
emission envelope level. 

2 Excluding the frequency band of ±35 kHz or ±4.00×the 
symbol rate (SR), about the carrier frequency, whichever is 
the greater exclusion. 

(2) For transmitters rated at 60 watts 
or less: 

When transmitting two unmodulated 
carriers, each 3 dB below the rated 
power, the mean power of any inter-
modulation products must be at least 
24 dB below the mean power of either 
carrier. 

(3) The transmitter emission limit is 
a function of the modulation type and 
symbol rate (SR). Symbol Rate is ex-
pressed in symbols per second. 

(4) While transmitting a single modu-
lated signal at the rated output power 
of the transmitter, the emissions must 
be attenuated below the maximum 
emission level by at least:

Frequency Offset (normalized to SR) 
Attenu-
ation 
(dB) 

±0.75×SR ................................................................. 0
±1.40×SR ................................................................. 20
±2.80×SR ................................................................. 40
±4.00×SR or ±35 kHz .............................................. Fm

Whichever is greater.

Where:

Fm = 55 or (37+10log10 pY), whichever is great-
er 

SR = Symbol Rate 
SR = 1×channel rate for BPSK 
SR = 0.5×channel rate for QPSK

The mask shall be defined by drawing 
straight lines through the above 
points. 

(j) When using G7D for differential 
GPS in the 112–118 MHz band, the 
amount of power during transmission 
under all operating conditions when 
measured over a 25 kHz bandwidth cen-
tered on either of the second adjacent 
channels shall not exceed ¥25 dBm and 
shall decrease 5 dB per octave until 
¥52 dBm. 

(k) For VHF aeronautical stations 
and aircraft stations operating with 
G1D or G7D emissions: 

(1) The amount of power measured 
across either first adjacent 25 kHz 
channel shall not exceed 2 dBm. 

(2) For stations first installed before 
January 1, 2002, the amount of power 
measured across either second adjacent 
channel shall be less than ¥25 dBm and 
the power measured in any other adja-
cent 25 kHz channels shall 
monotonically decrease at a rate of at 
least 5 dB per octave to a maximum 
value of ¥52 dBm. For stations first in-
stalled on or after January 1, 2002, 

(i) The amount of power measured 
across either second adjacent 25 kHz 
channel shall be less than ¥28 dBm; 

(ii) The amount of power measured 
across either fourth adjacent 25 kHz 
channel shall be less than ¥38 dBm; 
and 
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(iii) From thereon the power meas-
ured in any other adjacent 25 kHz 
channel shall monotonically decrease 
at a rate of at least 5 dB per octave to 
a maximum value of ¥53 dBm. 

(3) The amount of power measured 
over a 16 kHz channel bandwidth cen-
tered on the first adjacent 25 kHz chan-
nel shall not exceed ¥18 dBm. 

[53 FR 28940, Aug. 1, 1988, as amended at 56 
FR 11518, Mar. 19, 1991; 57 FR 45749, Oct. 5, 
1992; 58 FR 30127, May 26, 1993; 58 FR 67695, 
Dec. 22, 1993; 59 FR 35269, July 11, 1994; 63 FR 
36607, July 7, 1998; 64 FR 27475, May 20, 1999; 
66 FR 26799, May 15, 2001; 67 FR 4676, Jan. 31, 
2002]

§ 87.141 Modulation requirements. 
(a) When A3E emission is used, the 

modulation percentage must not ex-
ceed 100 percent. This requirement does 
not apply to emergency locator trans-
mitters or survival craft transmitters. 

(b) A double sideband full carrier am-
plitude modulated radiotelephone 
transmitter with rated carrier power 
output exceeding 10 watts must be ca-
pable of automatically preventing 
modulation in excess of 100 percent. 

(c) If any licensed radiotelephone 
transmitter causes harmful inter-
ference to any authorized radio service 
because of excessive modulation, the 
Commission will require the use of the 
transmitter to be discontinued until it 
is rendered capable of automatically 
preventing modulation in excess of 100 
percent. 

(d) Single sideband transmitters 
must be able to operate in the fol-
lowing modes:

Carrier mode 
Level N(dB) of the carrier 
with respect to peak enve-

lope power 

Full carrier (H3E) ...................... O>N>–6. 
Suppressed carrier (J3E) ......... Aircraft stations N<¥26´ 

Aeronautical stations 
N<¥40. 

(e) Each frequency modulated trans-
mitter operating in the band 72.0–76.0 
MHz must have a modulation limiter. 

(f) Each frequency modulated trans-
mitter equipped with a modulation 
limiter must have a low pass filter be-
tween the modulation limiter and the 
modulated stage. At audio frequencies 
between 3 kHz and 15 kHz, the filter 
must have an attenuation greater than 
the attenuation at 1 kHz by at least 40 

log10 (f/3) db where ‘‘f’’ is the frequency 
in kilohertz. Above 15 kHz, the attenu-
ation must be at least 28 db greater 
than the attenuation at 1 kHz. 

(g) Except that symmetric side bands 
are not required, the modulation char-
acteristics for ELTs must be in accord-
ance with specifications contained in 
the Federal Aviation Administration 
(FAA) Technical Standard Order (TSO) 
Document TSO–C91a titled ‘‘Emer-
gency Locator Transmitter (ELT) 
Equipment’’ dated April 29, 1985. TSO–
C91a is incorporated by reference in ac-
cordance with 5 U.S.C. 552(a). TSO–C91a 
may be obtained from the Department 
of Transportation, Federal Aviation 
Administration, Office of Airworthi-
ness, 800 Independence Avenue SW., 
Washington DC 20591. 

(h) ELTs must use A3X emission and 
may use A3E or NON emissions on an 
optional basis while transmitting. 
Each transmission of a synthesized or 
recorded voice message from an ELT 
must be preceded by the words ‘‘this is 
a recording’’; transmission of A3E or 
NON emission must not exceed 90 sec-
onds; and any transmission of A3E or 
NON emissions must be followed by at 
least three minutes of A3X emission. 

(i) ELTs manufactured on or after 
October 1, 1988, must have a clearly de-
fined carrier frequency distinct from 
the modulation sidebands for the man-
datory emission, A3X, and, if used, the 
A3E or NON emissions. On 121.500 MHz 
at least thirty per cent of the total 
power emitted during any transmission 
cycle with or without modulation must 
be contained within plus or minus 30 
Hz of the carrier frequency. On 243.000 
MHz at least thirty percent of the total 
power emitted during any transmission 
cycle with or without modulation must 
be contained within plus or minus 60 
Hz of the carrier frequency. Addition-
ally, if the type of emission is changed 
during transmission, the carrier fre-
quency must not shift more than plus 
or minus 30 Hz on 121.500 MHz and not 
more than plus or minus 60Hz on 243.000 
MHz. The long term stability of the 
carrier frequency must comply with 
the requirements in § 87.133 of this part. 

(j) Transmitters used at Aircraft 
earth stations must employ BPSK for 
transmission rates up to and including 
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