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FOREWORD

Activities of AERONAUTICAL RADIO, INC. (ARINC)
and the
Purpose of ARINC Characteristics

Aeronautical Radio, Inc. is a corporation in which the United States scheduled airlines are the principal
stockholders. Other stockholders include a variety of other air transport companies, aircraft manufacturers and
foreign flag airlines.

Activities of ARINC include the operation of an extensive system of domestic and overseas aeronautical
land radio stations, the fulfillment of systems requirements to accomplish ground and airborne compatibility, the
allocation and assignment of frequencies to meet those needs, the coordination incident to standard airborne
communications and electronics systems and the exchange of technical information. ARINC sponsors the Airlines
Electronic Engineering Committee (AEEC), composed of airline technical personnel. The AEEC formulates
standards for electronic equipment and systems for the airlines. The establishment of Equipment Characteristicsis a
principal function of this Committee.

An ARINC Equipment Characteristic is finalized after investigation and coordination with the airlines who
have a requirement or anticipate a requirement, with other aircraft operators, with the Military services having
similar requirements, and with the equipment manufacturers. It is released as an ARINC Equipment Characteristic
only when the interested airline companies are in general agreement. Such a release does not commit any airline or
ARINC to purchase equipment so described nor does it establish or indicate recognition of the existence of an
operational requirement for such equipment, nor does it congtitute endorsement of any manufacturer's product
designed or built to meet the Characteristic. An ARINC Characteristic has atwofold purpose, which is:

(@D} To indicate to the prospective manufacturers of airline electronic equipment the considered
opinion of the airline technical people, coordinated on an industry basis, concerning requisites of
new equipment, and

2 To channel new equipment designs in a direction which can result in the maximum possible

standardization of those physical and electrical characteristics which influence interchangeability
of equipment without seriously hampering engineering initiative.

ii
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1.0 INTRODUCTION AND DESCRIPTION

1.1 Purpose of this Document

This document sets forth the desired characteristics of a new
generation HF/SSB system intended for instalation in all
types of commercial transport aircraft. The intent of this
document is to provide general and specific design guidance
for the development and installation of a HF Transceiver
primarily for airline use. It will describe the desired
operation capability of the equipment and the standard
necessary to ensure interchangeability.

Equipment manufacturers should note that this document
encourages them to produce maintenance-free, high
performance equipment rather than that of minimum weight
and size. They are at liberty to accomplish this objective by
means of the techniques they consider to be the most
appropriate. Their airline customers are interested primarily
in the end result rather than the means employed to achieve
it.

1.2 Function of Equipment

This Characteristic covers the requirements for an airborne
transmitter-receiver equipment capable of transmitting and
receiving HF radio intelligence in the following forms:

(@ SSB-full carrier transmission of voice and tone
signals and AM-double sideband reception.

(b) SSB-suppressed carrier transmission and SSB-
suppressed carrier reception of voice and other
signas not criticd of exact frequency
synchronism.

(c) Transmission and reception capabilities (using
external coding and keying equipment which is
not made a part of this Characteristic) for special
data applications.

Although the HF/SSB System should contain the capa
bilities under (c) above, the external coding and keying
equipment to operate with those capabilities is not detailed in
this Equipment Characteristic, nor isit likely to be purchased
by the customer at thistime. The user desires the capabilities
in the HF/SSB System to accommodate data transmission at a
later date without subsequent modification.

Eventually this equipment will be used exclusively in a3 kHz
channel spaced HF/SSB frequency plan. However, full
compatibility with the present Internationa Tele-
communications Union (ITU) and International Civil
Aviation Organization (ICAO) AM frequency plan will be
needed until the HF/SSB plan is implemented. Further the
capability of transmitting and receiving full carrier
transmission of tones (A2H) will continue to be needed with
the future 3 kHz HF/SSB plan for the ICAO SELCAL
service.

1.3 Unit Description

1.3.1 HF Transceiver Unit

The HF Transceiver unit should house al the components,
electronics circuitry, etc., incident to channel selection,
receiving and transmitting functions of HF communications.

1.3.2 Freguency Control

Manual frequency control of the HF Transceiver should be
accomplished from a HF frequency control unit or the
equivalent data input from a centralized radio management
system. The HF Transceiver control should utilize the 2-
wire serial digita frequency/function selection system
defined in ARINC Specification 429.

1.3.3 Antenna Tuner (With Self-Contained or Separate
Antenna Tuner Control)

Although a suitable antenna Tuner and Tuner Control should
be provided by the manufacturers supplying equipment to
this Characteristic, the equipment manufacturer should also
design his SSB equipment to work with existing automatic
antenna tuner units of the type designed for SSB operation,
and presently installed in many aircraft.

1.4 Interchangeability
141 General

One of the primary functions of an ARINC Equipment
Characteristic is to designate, in addition to certain
performance parameters, the interchangeability in an aircraft
of equipment produced by various manufacturers. The
manufacturer is referred to Section 1.6 of ARINC Report 414
for definitions of terms and general requirements for the
airline industry for interchange-ability. As expalined in that
report, the degree of interchangeability considered necessary
and attainable for each particular system is specified in the
pertinent ARINC Equipment Characteristic for that system.

1.4.2 Interchangeability Desired for the ARINC 719 HF
Transceiver

Unit interchangeability is required for the transceiver
regardless of manufacturing source. In recognition of the
widely varying control unit designs expected in the future,
unit interchangeability is not sought in the control unit
except, however, that eectrical interface of controls should
conform to the digital signal standards set forth in this
Characteristic.

1.4.3 “Generation Interchangeability” Considerations

In defining the equipment described in this Characteristic, the
air transport industry has chosen to depart from several of its
previous HF transceiver standards. In order to achieve the
full benefit of the economics offered by these changes, the
industry desires that no provisions be made in the equipment
for backward compatibility with earlier generations of HF
Communication equipment.

Unchanged, however, is the industry’s traditional desire that
future evolutionary equipment improvements and the
inclusion of additional functions in new equipments during
the next few years, do not violate the interwiring and form
factor standards set forth in this document. Provisions to
ensure forward-looking “generation interchangeability” (as
best can be predicated) are included in this document to
guide manufacturers in future devel opments.
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1.0 INTRODUCTION AND DESCRIPTION (cont’d)

1.5 Regulatory Approva

The eqguipment must meet all applicable FAA and GCC
regulatory requirements. Manufacturers are urged to obtain
all necessary information from the FAA and the FCC or such
regulatory approval. Thisinformation isnot contained in this
Characteristic, nor isit available from ARINC.

1.6 System Parameters

System parameters applicable to HF communications may
be found in the Appendices to this Characteristic.

1.7 Additional Needs of Military Customers

Military users of airborne HF/SSB traditionally have had
some additional needs that dictate features not desired by
civil users. The most significant of these features are:
extended frequency coverage, tenth-kHz channel selection
and wide band transmitter/ receiver audio baseband.

Some military people confirmed these same features
would continue to be needed in future equipment and
designers might wish to include provisions in the
equipment to satisfy a future military market. The civil
users approved the addition of guidance material
concerning these military needs for consideration by the
equipment designers provided it is clearly understood the
civil users are NOT prepared to accept increased costs
(either initial or continuing ownership costs) simply to
provide such features. Designers should note the
marketplace will determine the extent to which provisions
should be incorporated for these features.

Any consideration of Appendices 1 and 4 should take into
account the planned use of such equipment by the military
when operating in the Aeronautical Mobile R Service for
an indefinite period of time after the planned 3 kHz
spaced frequency plan isimplemented.
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2.0 INTERCHANGEABILITY STANDARDS

2.1 Introduction

This Section of this Characteristic sets forth the specific form
factor, mounting provisions, interwiring, input and output
interfaces and power supply characteristics desired for thisHF
Communications Transceiver.

Manufacturers should note that although this Characteristic
does not preclude the use of different form factors and
interwiring features, the practical problem of redesigning
what will then be a standard aircraft installation to
accommodate some special system could very well make the
use of that other design prohibitively expensive for the
customer. They should recognize, therefore, the practical
advantages of developing equipment in accordance with the
standards set forth in this document.

2.2 Form Factors, Connectors & Index Pin Coding

2.21 Transceiver Unit

The Transceiver should comply with the dimensiona
standards in ARINC Specification 600, “Air Transport
Avionics Equipment Interfaces (NIC Phase 1), for the 6
MCU form factor. The Transceiver should also comply with
ARINC 600 standards in respect of weight, racking
attachments, front and rear projections and cooling.

The Transceiver should be provided with a low insertion
force, size 2 shell ARINC 600 service connector. This
connector, which should accommodate service
interconnections in its middle insert (MP), automatic test
equipment interconnections in its top insert (TP) and coaxial
and power interconnections in its bottom insert (BP), should
be located on the center grid of the receiver's rear panel.
Index pin code 10 should be used.

The ATE interconnection insert (TP) will not be included in
the mating half of the connector installed in the aircraft since
ATE interconnections are employed in the bench testing of
the HF Transceiver unit only. Thisinsert should be provided
with a protective cover to prevent contamination of the
contacts during the time the Transceiver is installed in the
aircraft. Further guidance on the ATE interface will be found
in Chapter 5 of this document.

2.2.2 “Standard Control Panel”

Frequency control of the ARINC 719 HF Transceiver is
effected by means of facilities provided on a HF COMM
control panel or the data entry panel of a centralized radio
management system. The approach used in a given airframe
will be the choice of the airline and/or the airframe
manufacturer. Guidance on the design of a HF COMM
control panel suitable for use with the ARINC 719 HF
Transceiver may be found in Attachment 8 to this document,
in accordance with the tradition in ARINC Equipment
Characteristics of setting forth certain standardized provisions
for a “Standard Control Panel” which should be made
available by equipment manufacturers for those customers
having “standard” needs.

2.2.2 “Standard Control Panel” (cont’d)

COMMENTARY

The Mythical “ Standard Control Panel”

The term “Standard Control Panel” as used in this
Characteristic applies to a control panel conforming to
the functional specification in Attachment 8 of this
Characteristic and having form factor and connector
functions as set forth therein. The standard interwiring
isincluded in Attachment 1.

2.2.3 Antennas and Antenna Tuners

There are no specific form factors set forth herein for
antennas or antenna tuners to be employed with this particular
equipment as there are numerous designs presently on the
market for the purpose. Designers of new antennas are
encouraged to survey the present antenna mounting provisions
and maintain compatibility insofar as is practicable with the
present standard mountings, depending upon, of course, the
aircraft type for which the antenna is intended and the need to
minimize weight. It is recognized that for most air transport
applications the antennas will be integrated into the airframe
design and it is, therefore, only in specia instalations or
retrofit installations where specific “antenna units” would be
needed.

Further general information on antennas and antenna tuners
may be found in Section 4.0.

2.3 Interwiring

The standard interwiring to be installed for the HF COMM
Transceiver is set forth in Attachment 1. This interwiring is
designed to provide the degree of interchangeability specified
in Section 1.4, and manufacturers are cautioned not to rely
upon special wires, cabling or shielding for use with particular
units because they will not exist in the standard installation.

COMMENTARY
Why Standardize |nterwiring?

The standardized interwiring is perhaps the heart of al
ARINC Characteristics. It is this feature which allows
the airline customer to complete his negotiation with
the airframe manufacturer so that the latter can
proceed with engineering and initial fabrication prior
to airline commitment on a specific source of
equipment. This provides the equipment manufacturer
with many valuable months in which to put the final
“polish” on his equipment in development.

The reader’s attention is directed to the interwiring
guidance in ARINC Report No. 414, Section 5.0. This
material defines all of the basic standards utilized in
airframe wiring installations and al equipment
manufacturers should make themselves familiar with
it.

The reader is also cautioned to give due consideration
to the specific notes in Attachment 1 as they apply to
the standard interwiring.
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2.0 INTERCHANGEABILITY STANDARDS (cont’d)

2.4 Power Circuitry

24.1 Primary Power Input

The HF Transceiver should be designed to use 115 VAC 400
Hz 3-phrase primary power. The aircraft power supply
characteristics, utilization, equipment design limitations, and
general guidance material are set forth in ARINC Report No.
413A, “Guidance for Aircraft Electrical Power Utilization and
Transient Protection.”

One 3- gang circuit breaker of the size shown in Attachment 1
should be provided in the standard installation.

2.4.2 Power Control Circuitry

The primary power to the HF transceiver should not normally
be controlled by a master on/off switch. It should be noted
that no on/off switches will be needed in most installations. A
master on/off power switching capability should be provided
as an option. When this option is selected, power input to the
transceiver should be accomplished using the pins reserved
for switched power.

2.4.3 The Common Ground

The wires designated as “Common Ground” (or as chassis
ground) are used for the DC ground return to the aircraft
structure and may be grounded to the chassis of the equipment
if the manufacturer so desires. In any event, they will be
grounded to the ship’s structure. They should not be used as
common returns for any circuits carrying AC currents.

2.4.4 |nternal Circuit Protection

The basic master power protection means for the transceiver
will be externa to the unit and utilize a standard circuit
breaker rating. Within the equipment, no master power
protection means is to be provided, although subdistribution
circuit protection is acceptable where the set manufacturer
feels this would improve the overal reliability of the
equipment.

If the internal protection by fuses is employed, these fuses
should not be accessible when the set is instaled in the
aircraft radio rack but should be replaceable only when the
equipment goes through the service shop.

If such subdistribution circuit protection is by means of circuit
breakers, the majority prefer that these be accessible on the
front panel of the equipment so that they can be reset in
service.

245 Abnormal Power

The SSB Equipment should accept power variations (refer to
ARINC 413) without adverse effects upon equipment
performance. The equipment should be of such design that it
will not be damaged by power supply frequencies and/or
voltages below the minimum specified operating voltage and
frequency, and if operation is interrupted under these
conditions, the equipment shall automatically resume normal
operation when the frequency and/or voltage returns within
limits. Set manufacturers should provide their own
protection, wholly within the equipment against

2.4.5 Abnormal Power (cont’d)

the possibility of one of the three AC line circuits being
interrupted by an aircraft electrical system power phase
failure in the aircraft. The equipment should not be damaged
in any way if one phase lead is opened and it is desirable that
the equipment:

@ continue to operate at reduced power, or,

(b) cease operating entirely, or,

(c) malfunction in such a manner as to make it evident to
the crew that such a failure has occurred, in order to
guard against attempted continued operation which is
not providing satisfactory communications.

2.5 Environmental Conditions

The HF Transceiver should be specified environmentally in
terms of the requirements of RTCA Document DO-160,
“Environmental Conditions and Test Procedures for Airborne
Electronic/Electrical  Equipment and Instruments’, dated
February 28, 1975. Attachment 7 to this Characteristic
tabulates the relevant environmental categories.

2.6 Coaling

The HF Transceiver should be designed to accept, and
airframe manufacturers should configure the installation to
provide forced air cooling as defined in ARINC Specification
600. The standard installation should provide an air flow rate
of 57.2 Kg/hr of 40°C air and the unit should not dissipate
more than 260 watts of energy during continuous
transmission. The coolant air pressure drop through the
equipment should be 25 + 5 mm at standard conditions of
1013.25 mbars. This pressure drop does not include the drop
through a returning orifice when such orifice is located
external to the equipment case.

The HF Transceiver should provide for blower control by use
of pin MP3K. Grounding of this pin should disable the
normal continuous operation of the blower.

NOTE: Manufacturers have stated that a 400W PEP output
is within the “state-of-the-art” and may be
implemented at the option of the user. Cooling
provisions should be increased for the higher power
radio. Based on a 540W power dissipation, the air
flow rate should be increased to 120 Kg/hr.

COMMENTARY

Equipment failures in aircraft due to inadequate
thermal management have plagued the airlines for
many years. In Section 3.5 of ARINC Specification
600 they have written down everything they believe
airframe and equipment suppliers need to know to
prevent such problems in the future. They regard this
material as “required reading” for al potentia
suppliers of HF Transceivers and aircraft installations.

¢-3

¢ -3

¢ -3
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2.0 INTERCHANGEABILITY STANDARDS (cont’d)

2.7 Grounding and Bonding

The attention of equipment and airframe manufacturers is
drawn to the guidance material in Section 3.2.4 of ARINC
Specification 600 and Appendix 1 of ARINC Specification
404A on the subject of equipment and radio rack grounding
and bonding.
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3.0 TRANSCEIVER UNIT DESIGN

3.1 Frequency Range and Channeling

¢- 11 The transceiver should operate on frequencies spaced 1 kHz

¢-1

apart in the band 2.8 to 24 MHz.
should not exceed 1 second.

Channel changing time

COMMENTARY

Currently there is no airline requirement for the
equipment to operate at 100 Hz channel spacing as
does the militaay HF equipment for ease of
modification to provide for the 100 Hz spacing if it
were requested in the future by the airlines. The
manufacturer, though, should take care in keeping the
additional cost for the convertibility down to an
absolute minimum in order not to lose marketability of
aradio which selects frequencies in 1 kHz increments
only. The same applies to the frequency range of the
equipment. Some users may desire a range of 2.0 to
30 MHz. If the equipment were to operate over this
range, then response, interference rejection, etc.
specified for 2.8 to 24 MHz would also be applicable
to the increased frequency range.

3.2 Frequency Selection

The transceiver should be designed to utilize the serial digital
frequency/function selection system described in ARINC
Specification 720. Two serial digital data input ports should
be provided, one labeled "Freq./Funct. Select Data Input Port
A" and the other "Freq./Funct. Select Data Input Port B".
(See Attachment 1 to this document for the connector pin
assignments.) The receiver should determine which of these
ports should be open to admit data by reference to the binary
state of the tuning data source selection discrete. It should
respond to data delivered to the "A" port and ignore data
delivered to the "B" port when the source selection discrete is
in the "ground” state. It should respond to data delivered to
the "B" port and ignore data delivered to the "A" port when
the discrete is in the "open circuit" state. The "ground" state
of the discrete is defined as a voltage between 0 and +3.5
VDC at the connector pin assigned to the discrete in
Attachment 1. The maximum current flow in the discrete wire
in this condition should not exceed 20 mA. The "open
circuit" state is defined as a voltage greater than +18.5 VDC
(+36 VDC maximum) at this pin or aresistance to DC ground
from this pin of greater than 100,000 chms.

When the transceiver is installed in an aircraft in which a
dedicated control panel supplies tuning information, the data
bus from that panel should be connected to the "B" port on
the receiver. The "A" port and the source selection discrete
are unused. When the receiver is installed in an aircraft in
which a centralized radio management system is employed, its
normal control source should be connected to the "A" port, its
back-up source to the "B" port and the source selection
discrete wired in the manner described in the radio
management specification.

ARINC Specification 429, "Mark 33 Digital Information
Transfer System (DITS)", defined the format of the serial
digitad tuning signa delivered to the receiver and

3.2 Frequency Selection (cont’d)

the word repetition rate (5 per second minimum). Should this
rate fall below 5 per second (word removal from the bus
signifies tuning information source failure), the word sign/
status matrix indicate an invalid condition, or the word parity
fail to be odd, the receiver should flag its own data outputs as
invalid and remain tuned to the last valid frequency received.

NOTE: The re-entrant tuning capability should be pro-vided
as aoption. Refer to ARINC 559A for de-tails of
implementation.

3.3 Transmit to Receive Recovery

With the receiver squelch set to operate at 3 uV, the receiver
should recover after transmission to provide 90% of its output
at an input level of 10 uV modulated 30% at 1000 Hz in less
than 250 mS.

3.4 Choice of Sideband

As specified in further detail elsewhere in this Characteristic,
this equipment should employ only the upper sideband for
SSB operation and there is no requirement specified or
implied herein for either transmission or reception of the
lower sideband in either of the SSB modes. The frequency
channel corresponding to the unused AM sideband will, in the
due course of time, be utilized as a discrete SSB channel and
with the carrier frequency so chosen as to permit upper
sideband operation on that frequency channel.

3.5 Transceiver Operation

3.5.1 Mode of Operation

The transceiver will not be required to operate in a double-
channel mode. Operation in the simplex mode (receive and
transmit on the same channel) should prove adequate for all
anticipated uses.

3.5.2 Interlocks on Dua Systems

3.5.2.1 Tuning Interlock

Each system should contain interlocking circuitry tailored to
ensure satisfactory automatic tune-up when two systems are
installed on the same airplane. The interlocking should be
effective for all combinations and manipulations of the pilot's
controls regardless of whether a common antenna or dual
antennas are employed. When dual installations are used with
automatic antenna tuning units, interlocking circuitry should
be provided to prevent one system from being tuned or
operated while the other system is in the self-tuning process.
When one system is kept from tuning after channeling
because the other unit is retuning, the system should be
designed so that the one unit will automatically be retuned
after the other has completed its retuning.

When one unit is removed or its power is shut off, the inter-
lock system should not prevent the other system from
operating or tuning. However, the design of interlocks should
be such as to assure no simultaneous operations of two
transmitters.
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3.0 TRANSCEIVER UNIT DESIGN (cont’'d)

3.5.2.2 Specific Provisions for Interlocking

The typical interlock consists of bringing out both sides of the
keying relay for use with an external interlock relay as shown
in Attachment 3. With these provisions the installation
designer can provide a dua system interlock as he may
choose, utilizing external relays to provide the necessary
interlock contacts that may be required. Such external relays
as may be required to operate simultaneously with the R/T
keying relay should not draw atotal current of more than 0.25
amps at 27.5 VDC and they should be connected in parallel
with the "keyline interlock” leads from the R/T Unit with due
regard for the potential noise problems.

3.6 Receiver Design

3.6.1 Senditivity

With a 1 microvolt (hard) signal, the signa plus-noise-to-
noise ratio should be 10 dB for SSB operation. With a 4
microvolt (hard) signal, amplitude modulated 30% at 1000
HZ, the signal-plus- noise-to-noise ratio should be 10 dB.

3.6.2 Selectivity

3.6.2.1 AM-SSB Full Carrier

The bandwidth at the 6 dB down should be at least 5.5 kHz
and the skirt bandwidth at 60 dB down should not exceed 12
kHz.

3.6.2.2 Suppressed Carrier SSB

Receiver selectivity should conform with Attachment 6.

3.6.3 Receiver Frequency Stability

The basic frequency stability of the receiver should not be
more than 20 Hz difference between the actual transmitted
and the receiver frequency, without regard to Doppler effects.
This maximum frequency error of 20 Hz should be held under
all environmental conditions for which the equipment is
designed and should apply immediately after turn on.

Adjustments of the frequency to correct for slow random or
non-random drifts should be required no more often than
approximately every year (equivalent to a maximum of about
4,000 hours operating time).

The frequency reference means should be so designed as to
facilitate shop adjustments of the frequency when required,
and the set manufacturers should provide whatever facilities
or special test equipment or procedura instructions are
required to facilitate this checking as a routine shop operation.

There is no requirement, nor is it acceptable to include any
pilot-operated or front panel adjustments of the frequency
standard, or of any corrector circuits, to allow either pilot
adjustment or line service adjustment of the basic frequencies
using either WWV transmissions or other test facilities. All
frequency adjustments are to be accomplished exclusively in
the overhaul shop, and the design of the equipment should be
such as to assure reliable and accurate frequency control in
the equipment for the period between shop overhauls. It is
acceptable, however, for means to be provided whereby
qualified personnel may check the frequency accuracy of the
equipment in the aircraft or in flight using WWV

transmissions, if the manufacturer so desires, however, no
means are to be provided for correcting this error in flight or
during line maintenance.

3.6.4 Undesired Responses

All spurious responses, including image, should be down at
least 60 dB. All spurious responses within the frequency
band of 2.8 to 24 MHz should be down at least 60 dB and
preferably 80 dB.

3.6.5 Audio Output

An audio output should be provided which is isolated from
ground. A service control should be provided within the
transceiver for adjustment of the output level. The adjustment
should vary the output from 5mwW to 40mW into a 600 +20%
ohm resistance load. The nominal setting should be 10mW at
1,000 Hz. The output circuit should be able to endure a short
circuit (zero ohms) and open circuit, and should operate
normally after removal of the short or open.

3.6.5.1 Audio Source Impedance

The audio output circuit should present less than 20 ohms
impedance to the load circuit under al power-on conditions
(signal and no-signal) when measured using the Figure 1 and
Figure 2 methods of Attachment 9. The audio output circuit
should present less than 50 ohms impedance to the load
circuit (measured using the Figure 2 method of Attachment 9)
when no power is applied to the unit. The source impedance
limits should apply over the frequency range of 100 Hz to
6,000 Hz.

3.6.5.2 Qutput Regulation

With the output signal adjusted to 10mW into 600 ohms at
1000 Hz, the output voltage should not change more than
2dBV when the load is varied between 450 ohms and 2,400
ohms and by not more than 6 dBV when the load is varied

between 200 ohms and 20,000 ohms. The above described |¢ -

output regulation should also be true when tested using 350
and 2,500 Hz signals.

3.6.5.3 Gain

The receiver gain should be such that a 2 microvolt signa
modulated 30% at 1000 Hz will produce at least 40 mW of
output into a 600 £20% ohm resistive level.

3.6.5.4 Hum Level

Hum and noise in the receiver output should be at least 40 dB
below 10 milliwatts output with a 1000 microvolt 30% 1000
Hz modul ated reference input.

3.6.5.5 Freguency Response

The audio power output level should not vary more than 6 dB
over the frequency range 300 Hz to 2500 Hz with respect to a
reference level of up to 10 milliwatts established at 1000 Hz
with a constant input carrier level modulated 30%. A sharp
cut-off in response below 300 Hz and above 2500 Hz is
desirable. Frequencies above 3750 Hz should be attenuated at
least 20 dB and preferably 40 dB.
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3.0 TRANSCEIVER UNIT DESIGN (cont’d)

3.6.5.6 Distortion

With an input signal of 1000 microvolts modulated with 1000
Hz and the receiver gain adjusted to produce 40 milliwatts
into a 500 ohm resistive load, the total harmonic distortion
should not exceed 7.5% with 30% modulation or 20% with
90% modulation (with the gain control reset to maintain the
output at 40 milliwatts), including any effects of the noise
limiter.

3.6.5.7 Voice Phase Shift Limit

With 1000 uV modulated with 1000 Hz and the output level
adjusted for 40 mW into a 600 ohm resistive load, the audio
output phase should not depart from that of the positive going
modulation envelope at the receiver input by more than -30
degrees or +120 degrees.

COMMENTARY
The phase shift limits of the audio output are different

from those of data/ SELCAL output due to the number
of stages required for the processing of each signal.

NEXT PAGE INTENTIONALLY LEFT BLANK
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3.0 TRANSCEIVER UNIT DESIGN (cont’d)

3.6.6 Automatic Gain Control

The receiver output should not vary more than 6 dB with
input signals from 5 microvolts to 100,000 microvolts, and
should not increase by more than 2 dB up to a 1 volt input
level. Variation of percentage modulation should have
negligible effect on the automatic gain control. The receiver
should not overload with one volt of RF energy (hard) applied
to antenna terminals. Recovery time should be approximately
0.5 seconds.

3.6.7 RF Sengitivity Control and/ or Squelch Control

Inasmuch as some customers will desire to use an RF
Sensitivity Control while other customers will desire to use a
squelch control instead of an RF sensitivity control, the
receiver should be designed to operate with either one or the
other as the external control. Both functions should be
controlled by the R/T Control Data Bus provided as shown in
the standard interwiring. Note that although the standard R/T
Control Data Bus might permit both a squelch control and an
RF sensitivity control to be employed at the panel, the set
design need not permit operation of the receiver with both
controls as it is not expected that both controls will be used in
a particular aircraft installation. The user will determine
which he wishes to employ in a particular aircraft, depending
upon the mode of operation employed with the SSB
equipment, and therefore, will decide whether a control panel
containing a squelch control, or a control panel containing an
RF sengitivity control will be utilized. The control panel
should be so designed that agiven R/T Unit will be capable of
operation in one group of aircraft in an airline equipped with
RF sensitivity controls and in another group of aircraft in that
same airline equipped with squelch controls.

NOTE: When HF operation is employed under conditions
where SELCAL is utilized it is generally deemed
advisable to operate the HF equipment with the RF
sensitivity at maximum so that SELCAL
transmissions will always be received. Under these
conditions, it is usually impractical for an aural
monitor to be maintained on the circuit by the crew
members because of the heavy noise level on the
HF receiver. Thus, if this mode of operation is
employed, it is extremely important that a highly
satisfactory sguelch system be incorporated in the
HF equipment with provisions for manual control of
the squelch threshold. In this case, the sguelch
threshold adjustment would apply only to the
headphone output circuits and not the output
circuits so that SELCAL reception will be at full
sengitivity at all times, irrespective of the threshold
sensitivity of the squelch circuit employed for the
aural monitoring. Manufacturers should recognize
the operational desire for a satisfactory squelch
system and endeavor to meet customer's
reguirements.

The range of the RF sensitivity control, when utilized should
be approximately 50 dB and should be essentially linear in dB
per unit of angular rotation of the linear control. The range of
the squelch control should be the minimum required to effect
complete quieting of the receiver under the worst conditions

3.6.7 RF_Sensitivity Control
(cont’d)

of noise. The range of control provided for both RF
sensitivity and squelch should be divided into a minimum of
16 increments by the R/T Control Data Bus Circuitry.

and/_or Squelch Control

COMMENTARY

No word structure is currently defined for
implementation of sensitivity or squelch control. Itis
envisaged that when the word(s) is defined, it will be
available on the frequency selection bus, precluding
the need for a separate input port.

3.6.8 Receiver SSB- Mode Linearity

3.6.8.1 Desired Signal Linearity

With the Receiver in the SSB mode with any two-tone test
signal corresponding to any signal level from threshold
sensitivity to 20,000 microvolts, the intermodulation product
(difference frequency of the two test tones) should be at least
40 and preferably 50 dB below the output of the two desired
tones.

Furthermore, at signal levels up to 100,000 microvolts, the
intermodulation product should be at least 30 dB below the
output of the two desired tones.

3.6.8.2 Interfering Signal Linearity

With a 1200 Hz single tone SSB signal applied, having any
level from threshold sensitivity level to 100,000 microvolts,
and with an interfering carrier applied three kHz higher in
frequency than the desired signal carrier frequency, it should
be possible to increase the level of this interfering carrier to a
level corresponding to at least 10,000 and preferably 100,000
microvolts before the 1800 Hz intermodulation product
equalsthe level of the 1200 Hz desired signal output.

3.6.9 Tone Tuning Signal

A tuning tone signal should be generated within the R/T unit
and should be mixed into the sidetone output channel at the
appropriate level required. A service adjustment of this level
is desirable within the R/T Unit. Within the R/T Unit the tone
signal should be generated whenever tuning isin progress.

3.6.10 SELCAL/ Data Output

An output isolated from ground having a source impedance of
300 ohm or less and independent of the voice output and its
associated squelch, noise limiters, audio compressors, etc.,
should be provided. A service adjustment independent of the
voice or sidetone outputs should be provided within the
transceiver for output level adjustment.

3.6.10.1 Freguency Response

The total receiver frequency response should be such that no
more than a 3 dB difference in levels occurs for any two
SEL CAL tones between 300 and 1500 Hz.
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3.0 TRANSCEIVER UNIT DESIGN (cont’d)

3.6.10.2 Distortion

With an input signal of 1000 microvolts modulated with 30%
mod 1000 Hz and the level adjusted to provide 0.5V output
into 600 ohms, the total distortion should not exceed 5.0%.
3.6.10.3 Phase Shift

There should be no phase inversion through the receiver.

3.6.10.3.1 SELCAL/ Data Phase Shift

With 1000 uV modulated with 1000 Hz and the output level
adjusted to 0.5V into 600 ohm resistive load, the audio output
phase should not depart from that of the positive going
modulation envelope at the receiver input by more than -90°.

COMMENTARY
The phrase shifts limits of the dataé SELCAL output
are different from those of the audio output due to the
number of stages required for the processing of each
signal type.

3.6.10.3.2 Differential Phase Delay

The differential delay through the receiver to audio
frequencies (f) from 300 Hz to 1.5 kHz should be less than
1/10f seconds.

3.7 Transmitter Design

3.7.1 Power Output

Power output should be measured in terms of peak envelope
power and measured directly in accordance with permissible
distortion and spectrum limits with the two tones applied to
the transmitter (rather than utilizing the method recommended
by CCIR). Power output should be measured at nominal line
voltage working into a 52 ohm resistive load at the end of a 5-
foot RG-8U transmission line. A proportionate reduction of
power output at the same distortion is permitted with reduced
line voltage below the nominal down to the minus 10% line
voltage limits.

The transmitter should be rated for continuous operation at
50% duty cycle of 5 minutes on (except as otherwise specified
in the following subparagraphs) at 55 degrees C ambient
temperature.

NOTE: Optional Minimum Output- Users recognize the
power limitations of the solid-state RF amplifiers (at
HF frequencies) available. Thus, the users will
reluctantly accept, as a temporary expedient, the
reduction in RF power output, as a manufacturers
option, provided:

A. The power output is not less than 200 Watts
PEP, and

B. The power output regulation with respect to
the input power, environmental conditions and
aging (maintenance run-down) will keep the
output power up to 200 Watts PEP throughout
the normal service life of the transmitter.

3.7.1 Power Output (cont’d)

Readers should note the need to recognize this
option in interpreting other Sections of this
Characteristic where it will be necessary to
substitute “200 Watts PEP" for “400 Watts
PEP” in applicable conditions.

COMMENTARY

During the development of ARINC 559A, 400W PEP
could not be achieved using solid-state devices,
therefore, a 200W PEP output was suggested in the
spec. Many users have found the 200 watts of power
to be adequate and now have no interest in the higher
power. Current technology in solid-state fina output
stages will now permit a 400W PEP output. Some
users are interested in the higher power and may elect
to have the capability in their new radios.
Manufacturers are urged to provide the 400W PEP
output power as an option and should make known to
the user the additional cooling required for that radio.
(See Section 2.6).

Users recognize the need to use two or more solid-
state devices in the transmitter final power amplifier
due to limitations in the present state-of-the-art. They
urge the designers to provide fully adequate protection
from “ripple effect” failure modes where a failure of
one component induces failures in other devices or
components.

3.7.1.1 Minimum Power Output with SSB Suppressed
Carrier Operation

The transmitter output should be 400 Watts PEP tested as
specified above.

3.7.1.2 Minimum Power Output Full Carrier SSB Operation

The transmitter output should be at least 100 Watts carrier
power with peak envelope power measured directly and
without exceeding the distortion limits. If AM operations is
provided by the manufacturer (instead of full carrier SSB), the
transmitter should be capable of 100% modulation without
exceeding the distortion limits or the spurious radiation limits.
If full carrier SSB is provided by the manufacturer the
transmitter should be capable of the equivalent of 100%
modulation (sideband amplitude equal to carrier amplitude on
peaks) without exceeding the distortion limits or the spurious
radiation limits. The design of the transmitter should be such
that 100% modulation or equivalent may be applied
continuoudly at the duty cycle specified in this Characteristic.

NOTE: Full carrier single-sideband operation is some-times
referred to as“AM Equivalent” or “AME”.

3.7.1.3 Minimum Power Output with FSK or
Transmission

Data

When the input to the SSB equipment is in the form of an
audio tone to provide the necessary single-sideband FSK
transmission, or what would be the equivalent of CW oper-
ation on an offset frequency, the transmitter should provide a
CW output power in accordance with the definitions and
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3.0 TRANSCEIVER UNIT DESIGN (cont’d)

3.7.1.3 Minimum Power Output with FSK or
Transmission (cont’ d)

Data

methods specified above at a PEP of 400 Watts based on a
duty cycle of one minute on and four minutes off, but with
continuous operation at this duty cycle.

NOTE: It is recognized that with some designs of SSB
transmitters it may not be possible to obtain 400
Watts PEP on a single frequency for data trans-
mission even with the lowered duty cycle specified
herein. Manufacturers should note, however, the
desire of the user for the maximum practica CW
power rating at this reduced duty cycle for data
transmission and should endeavor to provide the
above rating. If this is not practica, the
manufacturer should provide the highest CW power
rating that is practical for the circuit and devices
employed, and should ensure that when the system
is operated with the standard interwiring and control
functions and with signal inputs on the data link
audio input and with the pre-trigger signal applied,
the transmitter configuration proper for the
maximum CW power output should be established
automatically. It is particularly important that there
be no need for external adjustments or gain settings
in the aircraft because of the lower CW power
rating of such atransmitter.

3.7.1.4 Maximum Power Output Limit

The maximum power output of the transmitter under any of
the modes of operation described above, should not, under
any circumstances, exceed 650 watts PEP as an al-out
maximum.

COMMENTARY

The purpose of this maximum power limitation is to
provide guidance to antenna tuner unit manufacturers
and airframe manufacturers so that they can be assured
of the maximum limit on power which they will ever
have to accommodate on an antenna tuner on a
particular aircraft. For this purpose they are only
interested in the maximum level that can ever occur
under the worst possible combination of
circumstances.

With the original Characteristic No. 533, no power
maximum limit was established based on a previous
decision by the airline industry that all antenna tuners
should be designed with at least 1 kw PEP rating in
the knowledge that this was the power level employed
by earlier military SSB airborne equipment. With the
advent of higher flying transport aircraft and with
much greater problems of high voltage insulation on
the antenna and in the antenna tuner, the airframe
manufacturers asked the industry to determine the
maximum power rating which would need to be
accommodated in a transport aircraft and establish
such alimit as an all-out maximum. Thus, based on a
400-watt transmitter which would never normally

3.7.1.4 Maximum Power Output Limit (cont’d)

exceed 450 watts under the usual operating conditions, a
figure of 650 watts as set forth above has now been
agreed to be the al-out maximum which must be
accommodated for safety. The reason for choosing this
value is that set manufacturers have pointed out that it is
not economically practicable to critically control the
power level of transmitters against line voltage changes
and other circumstances and thus, a reasonable margin
between the nominal power rating and the maximum all-
out rating must be accepted.

3.7.2 Transmitter Frequency Stability

The basic frequency stability of the transmitter should not be
more than 20 Hz difference between the actual transmitted
and the carrier frequency, without regard to Doppler effects.
This maximum frequency error of 20 Hz should be held under
all environmental conditions for which the equipment is
designed and should apply immediately after turn on.

Adjustments of the frequency to correct for slow random or
non-random drifts should be required no more often than
approximately every year (equivalent to a maximum of about
4,000 hours operating time).

The frequency reference means should be so designed as to
facilitate shop adjustments of the frequency when required,
and the set manufacturers should provide whatever facilities
or specia test equipment or procedural instructions are
required to facilitate this checking as a routine shop
operation.

There is no requirement, nor is it acceptable to include any
pilot-operated or front panel adjustments of the frequency
standard, or of any corrector circuits, to alow either pilot
adjustment or line service adjustment of the line service
adjustment of the basic frequencies using either WWV
transmissions or other test facilities.  All frequency
adjustments are to be accomplished exclusively in the
overhaul shop, and the design of the equipment should be
such as to assure reliable and accurate frequency control in
the equipment for the period between shop overhauls. It is
acceptable, however, for a means to be provided whereby
qualified personnel may check the frequency accuracy of the
equipment in the aircraft or in flight using WWV
transmissions, if the manufacturer so desires, however, no
means are to be provided for correcting this error in flight or
during line maintenance.

3.7.3 Sidetone

The sidetone output (shared with the audio output) should
have a source impedance of less than 50 ohms, and should
provide an output level of 40mW into a 600 £ 20% ohm
resistive load when the transmitter is amplitude modulated
90% at 1000 Hz. A service adjustment independent of the
receiver audio output service adjustment shall be provided to
adjust the output level. The adjustment shall provide for a
variation from 5 mW to 40 mW. The nomina setting should
be 10mW RMS to 1000 Hz. The RF power required to
operate the sidetone should be obtained from a source as
close as practical to the transmitter power output connection.

Fe-1
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3.0 TRANSCEIVER UNIT DESIGN (cont’d)

3.74 Microphone Input
The system should work with microphones designed as per
ARINC 538A and ARINC 559A. Equipment manufacturers
are encouraged to design microphone input-circuits in future
equipment according to the following standards:

() Excitation voltage: 16 VDC.

(b) Filter-network resistance: 200 Ohms.

(c) Loadresistance: 150 Ohms.

3.7.4.1 Speech Processing and Automatic Modulation
Limiting

It is desirable that some form of speech processing be
included with sufficient extra gain, <till meeting the
microphone input level requirements of Section 3.7.4.
Service adjustment provisions are to be included to alow
setting the speech processing to the desired amount.

Whether or not speech processing is included, automatic
modulation limiting should be provided such that when
adjusted for proper input level as in Section 3.7.4, and with
full rated PEP output asin Section 3.7.1, an increase of 10 dB
in the steady-state input signal level should not result in
spectrum output extending beyond the limits.

COMMENTARY

As explained in the note under Section 3.7.4 above,
the foregoing specification requirements are for design
purposes and have no relation to the adjustment
procedures that will be employed in an actud
operating environment.

Users stress the importance of speech processing especially in
transmitters where the RF power output is limited to 200
Watts PEP as described in Section 3.7.1. In such equipment
the designer should optimize the speech processing to
compensate for the loss of communications effectiveness due
to the reduction in RF power output. Hopefully, the new 200
Watt PEP transmitters will equal or exceed existing 400 Watt
PEP (ARINC 533A) transmitters in providing effective
communications.

3.7.4.2 Fregquency Response and Spectrum Limits

NOTE: Notwithstanding the FCC, ITU, and ICAO
regulatory standards for bandwidth, spectrum
control and channel spacings, those standards were
deliberately minimized because those Agencies
knew the airborne hardware performance was
controlled by the airline specification process to
ensure future system compatibility as the
evolutionary introduction of SSB makes more
channels available.

The single most important performance feature to
provide for the future and to ensure satisfactory
operation when the other halves of the AM channels
are employed for SSB is the transmitter spectrum
control specified in this Section. The experts point
out that (for HF operation) it is not receiver
selectivity that sets the limitation on how

3.7.4.2 Frequency Response and Spectrum Limits (cont’ d)

well a receiver regjects an adjacent channel: it is
transmitter spectrum control (particularly the control
of the third-order distortion) that determines how
satisfactory the operation adjacent channels will be.
But to make the spectrum control even more difficult
(and more important!) the equipment must ensure
satisfactory spectrum control with future channels
spaced 3 kHz and with carriers (either transmitted or
suppressed) spaced 3 kHz apart. The background of
why this is necessary, and of extreme importance, is
explained in Appendix 7, with additional technical
detail in Appendix 5.

The overall frequency response measured from the
microphone audio input should not vary more than + 6 dB
from the 1000 Hz reference level through the range of 350 Hz
to 2500 Hz.

Suitable transmitter circuit filtering should be employed, and
the linearity of the transmitter should be such, as to assure the
following spectrum limits, when checked with a two-tone test
on SSB-suppressed carrier or SSB-floating carrier
transmission:

(@ All spectrum components at a frequency lower in
frequency than 100 Hz below the carrier frequency
and higher in frequency than 2900 Hz above the
carrier frequency should be attenuated by at least 30
dB.

(b) All emissions lower in frequency than 3.1 kHz
below the carrier frequency and higher in frequency
than 5.9 kHz above the carrier frequency should be
attenuated by at least 40 dB.

(c) With the exception of emissions on a harmonic of
the desired frequency all other spectrum
components lower in frequency than 6.1kHz below
the carrier frequency and higher in frequency than
8.9 kHz above the carrier frequency should be
attenuated by at least 54 dB and preferably 60 dB or
more.

(d) Any emissions on a harmonic of the desired
frequency should be down at least 43 dB below
PEP (as measured in a 52 ohm load at the end of a
5-foot transmission line and connected to the output
of the receiver-transmitter  unit). All
intermodulation distortion and spurious radiation
should be at least 60 dB below PEP.

These requirements should be met with the introduction of
any modulating tone or tones either inside or outside the
transmitter frequency response bandwidth.
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3.7.4.3 Transmitter Distortion

With transmitter power output on single-sideband of 400
watts PEP and with sinusoidal modulating inputs the
distortion as indicated on an external monitor detector
should not exceed 10%.

With the sideband peak level equal to carrier level while
employing sine wave input on SSB-full carrier trans
mission, the distortion as read on a linear monitor detector
on the RF signal should not exceed 25% at the 400 watt
PEP output level.

It is recognized that the spectrum performance
characteristics of the transmitter set forth in Section 3.7.4.2
are far more stringent on the design of the transmitter and
its linearity than is this requirement for distortion of the
audio signal.

NOTE: In the event that a manufacturer chooses to
exceed the specified power output specified
under Section 3.7.1 or wishes to design an SSB
System complying with ARINC Characteristic
719 in all respects except with a lesser rated
power output than specified in Section 3.7.1, it
should be understood that the transmitter
distortion be within the limits as specified above
and with spectrum limitations as set forth in
Section 3.742 and with the automatic
modulation limiting of Section 3.7.4.1, but with
each of these test requirements modified watt
figure specified under Section 3.7.1 of this
Characteristic. In other words, it is not
considered acceptable for a set manufacturer to
rate his SSB equipment at a power rating based
on a dummy load test of the equipment and then
meet the requirements of spectrum and distortion
at an entirely different power rating level. For
purposes of this ARINC Characteristic, the power
output rating of the equipment is considered to be
than output at which the distortion and spectrum
limitations specified herein can be met or
exceeded.

Distortion should be measured at the 200 Watts
PEP (rather than 400 Waitts) level where the
manufacturer has exercised his option to provide
a reduced power output as described in Section
3.7.1.1

3.8 Data Transmission and Reception

3.8.1 Background of Data Link

The users considered proposals to discontinue the long
established industry practice of including actual circuitry
and other hardware provisions for a future automatic data
transmission system. They found sufficient industry
interest in these features to justify the small increases in
equipment complexity and cost due to these provisions. A
detailed account of the background may be found in
Section 6.1 of ARINC Characteristics 559A.

3.8.2 DataLink Audio Input to the Transmitter

A separate pair of transmitter audio input leads, labeled
“data in-hot” and “data in-cold” should be provided,
isolated from ground and from other interna circuitry for
DC and having an input impedance preferably of 600
ohms, but acceptably of 100 ohms, and with sufficient gain
provided to allow full modulation of the transmitter over
the audio freguency range with not more than 1.6 volts
RMS input at any frequency (1.0 volts RMS if a 100 ohm
input is employed). A service adjustment should be
provided independently of the microphone audio input to
the transmitter to control the input level. No wave form
processing should be provided on this input circuit,
however, modulation limiting (similar to that for voice
operation but with no clipping) should be provided so that
with the service adjustment properly set initialy, the input
signal can be increased to a level of at least 10 dB and
preferably 20 dB above the preset value without the
transmitter exceeding the spectrum limits and without
distortion of the tone data signals.

COMMENTARY

When operating in the suppressed carrier single-
sideband mode (as would be normal for most
applications with data transmission), it is expected
that the actual keying of the transmitter will be
effectively accomplished by the presence or absence
of the data input tone signals. As explained in a
subsequent Section of this Characteristic a “pre-
trigger” signal, which will probably be an absolute
necessity on VHF equipment, can be dispensed with
by using the keying capabilities of the SSB
transmitter from the introduction of tone signals,
and which is a very practicable means of keying the
transmitter quickly and easily for data transmission
purposes. The only alternative to providing
automatic keying operation of the transmitter by
form of electronic keying in the “keyling” circuit as
was provided in the earlier HF SSB equipment.

Obviousy when full carrier single-sideband
operation is employed, keying of the transmitter by
turning on and off the data tone signal is not
satisfactory, however, the industry has agreed that it
is very unlikely that this equipment covered by
ARINC Characteristic No. 719 would be used
extensively in the full carrier SSB mode for data
communication purposes.

3.8.3 DataLink Audio Input Freguency Response

The overall frequency response (as measured in Section
3.8.2 from the data link audio input) should not vary by
more than + 6 dB from the 1 kHz reference level over the
frequency range of 350 to 2500 Hz.

3.8.4 DatalLink Output from HF Receiver

An output circuit isolated from DC ground and having a
source impedance of 100 ohms should be provided, which
should supply an open circuit voltage output of 0.5 volts
RMS with a receiver input signa either AME or SSB
selected by the function and mode selector switch and at a
level as specified in this Characteristic and should have a
frequency response within + 6 dB of the 1 kHz reference
from 350 Hz to 2500 Hz.
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3.8.4 Datalink Output from HF Receiver (cont’ d)

Furthermore, for SELCAL tones over the frequency range
of 300 Hz to 1500 Hz there should be no more than 6 dB
difference between the responses at any two frequencies
within this range.

This data link output should not pass through the noise
limiter nor should it be affected by the squelch circuits
(operation of the squelch to shut off the aural output of the
receiver should not shut off the data link output circuit)
and this output should be taken from which ever detector is
being employed in accordance with the position of the
mode switch at the time. Separate service adjustments to
adjust the level of this output on each of the two modes
should be provided, however, the setting of the control(s)
should not affect the impedance or frequency
characteristics of this output circuit.

3.8.4.1 Specia “SELCAL Output” Circuit From HF AM
Receiver Detector

SELCAL operation is an absolute necessity on HF
communications circuits and yet SELCAL cannot operate
effectively in the suppressed carrier single-sideband mode
where reception is by means of locally inserted carrier (the
frequency translation error is too great and would have to
be reduced to less than one cycle to ensure reliable
operation of SELCAL), and thus, SELCAL operation
ground to air will always be conducted by means of a full
carrier transmission from the ground and with reception in
the air by means of an AM detector rather than by the SSB
suppressed carrier means usually employing a product
detector.  Therefore, to ensure satisfactory SELCAL
operation at al times regardless of the position of the
function and mode selector switch the receiver should be
designed in such a way that the AM detector with its
associated carrier passband will aways be operative
regardless of the position of the mode selector switch and
with this AM detector fed into a“SELCAL” output circuit
having electrical characteristics identical with that of
Section 3.8.4 except that it should not be switched from
one detector to the other with the function selector switch,
and with the output brought out on separate pins of the rear
connector, and with its own service adjustment for setting
the output level.

3.9 Keyline

The transmitter PTT keyline (MPIC) should be enabled
only when the transceiver isin the Voice mode, i.e., Voice/
Data Select Pin MP2D is open circuit. The transmitter data
keyline (MP1K) should be enabled only when the
transmitter isin the Data mode, i.e., Voice/ Data Select Pin
MP2D is externally grounded.
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4.0 ANTENNAS

4.1 Antenna Tuner

The Standard SSB interwiring in Attachment 1 shows con-
nections to the “symbolic” antenna tuner leads designated by
the letters (A) through (P), however, these do not represent
any particular antenna tuner but merely the generic functions
of essentialy all tuners. Attachment 5 tabulates these
symbolic function leads in terms of specific pin connections
and connector types for various antenna tuners which are
presently designed or implemented. Further guidance for
antennainstallationsis provided in Appendix O.

4.2 Radio Frequency Input Characteristics

The antenna tuners should provide, in the order to be
compatible with the SSB equipment covered by this
Characteristic, a match from the antenna system to the 52 ohm
(or 50 ohm) transmission line corresponding to a standing
wave ratio of 1.3:1 or less.

NOTE: Some older antenna tuners which may be en-
countered in retrofit installations are reported to
have a standing wave ratio as high as 1.6:1.

COMMENTARY

As the SSB equipment can only provide full power
output capability when the antenna tuner SWR is kept
low, it is naturdly important from the user's
standpoint to obtain the best possible SWR in the
antenna tuner. Furthermore, with SSB equipment the
set designer finds difficulty in automatically limiting
the power output satisfactorily in al cases (as is
necessary to keep the distortion and spurious
transmitter output to the required figure) when the
SWRis not held to the 1.3:1 figure. Thus, although in
the practical case with long transmission lines, the
SWR at the SSB transmitter may be somewhat lower
than the SWR at the antenna tuner, the user cannot
depend on this and he does not desire this, because
this implies a lossy transmission line, which in turn
represents a power loss which is equally unacceptable
to the user. Accordingly, antenna tuner unit designers
are strongly encouraged to provide the lowest possible
standing wave radio (even below 1.3:1 where
practical) and new designs on to develop a suitable
modification on existing designs to make them most
effective with SSB equipment corresponding to this
Characteristic.

4.3 Automatic Control of SSB R/T Power Output

Because of the practica problem of compatibility with
existing tuners providing only 1.5:1 SWR, set designers are
encouraged to provide automatic control of SSB power output
through a sensing of the change in SWR or other parameter,
to keep the spurious signal generation aways within the
specified limits.

4.4 Antenna
Coverage

Impedance Characteristics and Frequency

Inasmuch as the antenna tuner will usually be designed to
operate specifically with a general class of antenna

4.4 Antenna Impedance Characteristics and Freqguency
Coverage (cont’d)

types covering a specific frequency range, this Characteristic
will not set forth any specific antenna impedance
characteristics for new antenna tuners. In general there is a
need for both the universal type of antenna tuners suitable for
many different aircraft, and the specia purpose type designed
for most efficient and effective operation in a particular
aircraft having a specific antenna characteristic, and it is,
therefore, the economics of the airframe design which will
dictate the antenna tuner design.

4.5 Band Information

It has been the practice in the past for some antenna tuners to
utilize band information from the control panel or directly
from the transmitter to simplify the antenna tuner design and
eliminate the need for specialized sequential operations of the
tuner, or in some units the band information has been
employed merely to speed up the operation of the tuner when
the band information is available, yet the band information
would not be required for actual operation of the tuner.

4.6 Power Handling Capability

Although previous industry discussion of many years ago had
led to the conclusion that antenna tuners should be designed
with adequate power handling capacity to accommodate at
least a1 kw PEP, it has subsequently been determined (Spring
of 1965) that such a power handling capacity on civil aircraft
is not necessary. The figure of 650 (maximum, maximum!)
watts PEP now set forth is deemed to be more redlistic for the
guidance of antenna tuner manufacturers.

4.7 Tuner Pressure Fault Line

Inasmuch as a pressurized antenna tuner is probably a
necessity for many jet aircraft, it isimportant to assure that the
pressurization is satisfactory within the antenna tuner before
the transmitter is allowed to operate. Some manufacturers
choose to provide a purely mechanical means of checking the
pressurization as a maintenance check on the ground while
other antenna tuner designers prefer to utilize some form of
pressure switch within the antenna tuner unit which can be
optionally used by the customer in several ways. Either the
leads from the pressure switch could be extended to a point in
the aircraft where ohm-meter checks could be accomplished
or, if the customer so desires, the pressure switch line could
be connected in series with the keyline of the particular
transmitter involved so that the transmitter will automatically
be kept from operation when pressurization is not adequate in
the tuner. Whether or not the customer feels that the pressure
switch reliability is sufficient to alow its connection in series
with the keyline is the airframe manufacturers and the
customers decision, however, when such a pressure fault line
is provided in the antenna tuner it is preferable that for
interchangeability reasons, this be in the form of a pair of
contacts within the tuner, completely isolated from ground or
power sources and which will be closed whenever the
pressurization within the tuner is adequate.

The pressure fault line pin connections are not set forth in
Attachment 5, nor are any interconnections of these pressure
fault lines shown in the standard interwiring of Attachment 2
asthiswill be a customer option.
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5.0 AUTOMATIC TEST EQUIPMENT PROVISIONS

5.1 Generd

To enable Automatic Test Equipment to be used in the bench
maintenance of the ARINC 719 HF/SSB Transceiver, an ATE
connector insert (TP) has been provided. The connector and its
cover should be totally contained within the form factor
prescribed in Section 2.2.1 and the related NIC 600 racking
standards.

This connector should be fitted with a suitable cover to prevent
damage to the contacts and entry of contaminants into the
connector while the equipment is installed or being moved
between the shop and aircraft. This cover should be secured to
the T-R Unit by a suitable means so asto prevent loss.

The circuits made available on this connector may also be used
in shop maintenance with manual test equipment.

5.2 Unit Identification

Six pins on the ATE connector insert should be reserved for the
implementation of a “resistor coding” scheme for unit
identification by the ATE, in which a 1% tolerance resistor is
connected from each pin to a common ground in a “star”
formation. Values selected should correspond to the standard
10% increments in resistance in order to prevent ambiguities
resulting from tolerance build-up and aging. The power
handling capability of each resistor need not exceed 0.1 watt.

5.3 PinsAllocation
Two pins should be allocated to each of the following functions

and one pin to the “star formation common” (i.e., DC chassis
ground).

TP1A - TP1B Manufacturers ldentification (Resistor
values to be registered with ARINC
when selected)

TP1C - TP1D Part No. or Type No. of the Equipment

TP2A - TP2B Modification Status of the Equipment

TP2C Network Common (Resistor “Star”

Points)

IMPORTANT NOTE: Resistor codes for manufacturers
identification will be recorded by ARINC in order to prevent
duplication. Such registration, however, should not be confused
with assignment. It is the responsibility of each manufacturer to
select a code and inform ARINC of his choice. Code
assignments for equipment part number and modification status
are entirely the province of the manufacturer and do not require
registration with ARINC.

5.3 Pin Allocation (cont’ d)

COMMENTARY

Equipment designers may wish to note that it is probable
that the equivalent of an open-circuit relay contact will
be present at each connector pin used in the automatic
test sequence during the time the test is in progress. In
practice this is the equivalent of connecting a 100 pF
capacitor from each pin to ground.

5.4 Useof ATLAS Language

Equipment manufacturers should note that the airlines desire to
have HF Transceiver test procedures intended for execution by
automatic test equipment written in ATLAS language described
in ARINC language described in ARINC Specification 616.

=
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6.0 BUILT-INTEST EQUIPMENT (BITE)

6.1 Built- In Test Equipment (BITE)

The HF/SSB System described in this Characteristic should
contain Built-In Test Equipment (BITE) capable of detecting
and annunciating a minimum of 95% of the faults or failures
which can occur within the HF Transceiver and as many faults
as possible associated with the antenna, frequency controllers
and their interfaces with the HF/ SSB Transceiver.

BITE should operate continuously during flight. Monitoring of
the results should be automatic and the BITE should
automatically test, detect, isolate and record intermittent and
steady state failures. The BITE should display system condition
and indicate any faulty LRU’s upon activation of the self-test
routine described in Section 6.4. In addition BITE should
display faults which have been detected during in-flight
monitoring.

No failure occurring within the BITE subsystem should
interfere with the normal operation of the HF/ SSB Transceiver.

COMMENTARY

Sufficient margins should be used in choosing BITE
parameters to preclude nuisance warnings. Dis
crepancies in HF/SSB System operation caused by
power bus transients, EMI, ground-handling, servicing
interference, abnorma accelerations or turbulence
should not be recorded as faults.

6.2 BITE Display

The HF/SSB System should have a System/LRU status display
on the front panel.

The display, as a minimum should be composed of one red and
1 one green LED. Green should indicate “good” and red should
indicate detection of a fault. The display should be energized
only when BITE is activated locally by the control located on
the front paned or a remote activation signal. Multiple red
LEDs should be used to indicate failures in subsystems when

appropriate.
COMMENTARY

Most users desire an apha-numeric display to present
fault information to line maintenance personnel. The
desire includes presentation of the information in the
form of easily understandable text --- not coded! The
airlines do not want the maintenance personnel to be
burdened with carrying a library of code trandations.
The airlines would like to have the fault analysis cap-
ability of BITE using the alpha-numeric display equal to
or surpassing the capability currently realized with shop
Automatic Test Equipment.

The use of LEDs on equipment, even though considered
inadequate, is described in this section to provide
guidance to manufacturers currently using LEDs for
BITE. The guidelines are intended to aid in achieving
consistency in BITE operation between units supplied
by different manufacturers.

6.3 Fault Monitor

The results of in-flight or ground operations of BITE should be
stored in a non-volatile monitor memory.

6.3 Fault Monitor (cont’d)

The size of the memory should be sufficient to retain detected
faults during the previous ten flight legs. The data in the
monitor memory should include flight-leg identification, fault
description, and faulty LRU.

The contents of the monitor memory should be retrievable by
BITE operation or by shop maintenance equipment.

COMMENTARY

A question which must be considered by the equipment
designer is, “What is the scope/purpose of BITE?' It
appears from the unconfirmed failure data that is
available from repair shop operations, that there is a
good deal of merit in considering storage of data which
will identify the Shop Replaceable Unit (SRU). BITE
should be used to detect and isolate faults to the LRU
level and it should also provide fault isolation
information at the SRU level.

6.4 Self- Test Initiation

The momentary depression of the push-button on the front
pand of the LRU should initiate a unit/system self-test. The
self-test routine should start with an indicator test in which all
indicator elements are activated simultaneously. If the self-test
routine detects a fault, the “al on” indication should be
deactivated leaving the appropriate “fault” indication activated.
If no fault is found, the contents of intermittent fault memory
should be reviewed. Only the four most recent flight legs
should be considered. If no fault is recorded, the “all on”
indication should be deactivated leaving the “normal”
indication visible. If an occurrence of afault on one of the four
earlier flight legs is detected, the appropriate “fault” indication
should be activated. The activated indications should remain
visible until the line maintenance mechanic presses the self-test
button a second time or a “time-out” period of approximately
ten minutes expires.

COMMENTARY

Selection of four of the number of flight legs for which
intermittent fault memory should be examined for the
line maintenance BITE function was made in the belief
that it could be reduced as confidence in the BITE was
built up. Manufacturers are urged to make this number
easily aterable in their BITE implementations.

Currently there are no display provisions for
differentiation of stored faults from faults from faults
detected during the self-test routine. Discussions in the
past have not uncovered any significant benefits of such
differentiation for maintenance personnel in the trouble-
shooting mode. However, depending on how BITE is
implemented, problems with lack of differentiation
between display of stored faults and self-test faults may
berealized. If faultsin units external to the central LRU
were stored in the LRU fault memory and the
maintenance personnel replaced the external LRU, the
central LRU fault memory would retain the fault. A
post-maintenance self-test initiation would display a
(stored) fault regardiess of the self-test results. Due to
the lack of differentiation, maintenance personnel will
be

-¢-5



ADDED: June 27, 1984 ARINC CHARACTERISTIC 719 - Page 15B

6.0 BUILT-IN EQUIPMENT (BITE) (cont’d)

6.4 Self-Test Initiation (cont’ d)

uncertain of the success of the maintenance action.
Where BITE does store faults of externa units,
differentiation between stored and self- test faults may
have merit.

6.5 Monitor Memory Output

The BITE Monitor Memory output should consist of the
following:

(@ An output to the display located on the LRU,
indicating system and LRU status.

(b) An output of undefined format which should be
made available at the ATE segment of the connector
located on the Interrogator Unit.

The monitor memory should be capable of being reset in order
that stored faults will not be carried over once an LRU
replacement or repair has been effected. The reset should be
initiated only by shop maintenance.

COMMENTARY

Many users have expressed interest in transferring and
storing fault information in a central unit. The unit
would be the heart of a Fault Isolation and Detection
System (FIDS). The FIDS Unit could be internal to a
central unit of a large avionics system or could be a
stand- alone unit. A FIDS Unit in order to act as a
collector of fault information would be fed fault data
from externd LRUs. It is envisaged that fault data
words will be transmitted via the normal DITS output
ports of the external LRUs. The FIDS input ports would
monitor the DITS buses and extract the word(s)
assigned for transmission of the fault data. If such a
system were to be implemented, the LRU BITE memory
could be the source of the fault data.
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ATTACHMENT ZERO

NOTESPERTAINING TOATTACHMENTS

Wire Types should be shielded, twisted or twisted and shielded as indicated where protection from
electromagnetic interference (EMI) is deemed appropriate in Attachment 1. All shielded wires should have an
insulating jacket over the shield to prevent intermittent grounds. All shields for analog circuits are to be
grounded at one end only and to the same ground stud. Shields for digital circuits should be grounded at every
break point.

Wire “Type’ and “I-R” needs are set forth in this Characteristic to more accurately define the standard
installation. The maximum current each circuit should accommodate is set forth as amperesin column |. The
designation “D” refersto a“Dry” circuit where the current is less than 10 milliamperes. The maximum circuit
resistance in ohmsis set forth in column “R”.

These specific needs supersede the general guidance set forth in ARINC Report 414. Details on the “Type” of
wire which should be used to provide the degree of noise protection needed in the Standard Interwiring is
described in Note 1.

The “115 volt AC out” power circuits from the SSB R/T Unit provided on pin BP9, may be employed for
various functions within the antenna tuner. However, the maximum drain from the R/T Unit is not expected to
exceed the value set forth in Attachment 1.

A three-phrase ganged circuit breaker of the size shown in Attachment 1 should be provided in the standard
installation. Equipment designers should, however, observe the guidance set forth concerning primary power
failuresin any one of the three- phrases that may not be protected by the circuit breaker.

Inasmuch as audio and sidetone outputs from the receiver are fairly low impedance, the mixing circuit for the
audio and sidetone should take into consideration any possible interaction due to squelch operation and audio
volume control adjustment.

As pointed out in Note 6, below, any external relays required for sidetone or muting operation should be
connected as explained in Note 6.

The Attachment 2 interwiring does not show the interconnections of the interlock with any other HF
equipment in the aircraft. 1t should be noted that the keying relay in the R/T Unit cannot operate unless the
“keyline” lead is energized external to the R/T Unit with 27 VDC. The “keyline’ lead is connected to ground
through the usual push-to-talk switch on the microphone as detailed in Attachment 3, or this lead may be
grounded automatically by the antenna tuner, using functional lead (F) as a means of providing automatic
tune-up. With most sophisticated antenna tuners, the 27 volt DC power for the keyline interlock lead is
provided through the connection of the functional lead (G) on the usua antenna tuner. The tuner either
suppliesits own 27 VDC to this lead through appropriate control circuitry or it may employ function lead (P)
to obtain 27 VDC from the R/T provided on pin BP11. When the SSB equipment is employed with an
antenna tuner not providing such a keyline interlock, the user must run ajumper (in the junction box) between
pins BP1 and MP5H on the R/T Unit to energize the keyline interlock lead and hence the keying relay.

When external relays are employed to provide special interlock functions or to supply sidetone or audio
muting in accordance with Note 5, all such relays in a particular installation should be designed to operate on
atotal current drain less than 0.25 amperes at 27 VDC and the coils of al such relays should be paralleled
with the “keyline” lead MP1K and the “keyline interlock” lead MP5H, noting the specia case of some tuners
explained in Note 9 which draw a pulse current.

The letters in parentheses under the column “antenna tuner” are not specific pin connections on any specific
connector but are symbolic connections which are interpreted in terms of specific antenna tuners in the table
of Attachment 5. No attempt is made in the interwiring of Attachment 1 to show other circuitry and wiring to
the antenna tuners other than the standardized interconnections with the SSB System which are specifically
shown for symbolic connections (A) through (P). The instaler should refer to the antenna tuner
manufacturers’ manuals and instructions for further information on the various applications of the specific
antenna tuners.

In Attachment 5 the 400 VDC to symbolic pin (M) on the Antenna Tuner has been reduced to 250 VDC.
Since none of the Antenna Tuners referenced in Attachment 5 need 250 VDC, no pin is assigned for this
function on ARINC 719 equipment.
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ATTACHMENT ZERO (cont’d)

NOTESPERTAINING TOATTACHMENTS

The 27 VDC output on pin BP 11 should supply an impulse relay in some models of antenna tuners. The
average current drawn by the antenna tuner should not exceed %2 amp. However, the peak current may be as
high as 8 amps for a maximum duration of 20 milliseconds. The aircraft interwiring should take this peak
load condition into consideration.

A tune power provision has been deemed necessary on this equipment. Pin MP5C on the R/T Unit should be
connected to functional lead A on the antennatuner. A ground on this line while the antenna tuner is tuning
should reduce the RF output power of the R/T Unit, operate the AM relay, and activate a tune tone circuit to
supply atuning tone to the aircraft audio system.

Pin assignments shown are for ARINC 559A-compatible control panels. Details on pin functions for the
optional re-entrant tuning system may be found in ARINC Characteristic 559A.

Some certifying authorities may require that the transmitter be disabled and a warning tone generated in the
audio system when the receiver is tuned to a radio frequency on which the transmitter is unable to transmit
because of limitations to the aircraft antenna tuning unit. Pin MP5J is reserved for selection of either a
narrow (2.8 to 23.9999 MHz) range or a wide (2.0 to 29.9999 MHz) range of operation. An “open” pin
selects the narrow range and a grounded pin selects the wide range. If the narrow range is selected and an
attempt is made to operate the transceiver outside the 2.8 to 23. 9999 MHz range, a warning tone is produced
in the audio output and the transmitter is disabled.

An “open” on pin MP3A selects SSB operation and a “ground” selects AM operation. An “open” on MP3B
selects USB operation and a “ground” selects LSB operation. These pins select modes only when re-entrant
tuning is selected on MP5J.

Some specialized radios use Pin MP2A as a CW keyline. However none of these radios are expected to be
used by the airlines. Pin MP2A has been reserved to promote interchangeability.

Future Spare (Contact) Contact positions in equipment-mounted service connectors labelled “Future Spare
(Contact)” should be furnished with contact hardware (pin or socket as appropriate) and provisions made
within the equipment for their easy use. Contact positions labelled “Future Spare” may or may not be
furnished with connector hardware at the equipment manufacturer’s discretion. Contact hardware need not be
provided in either type of contact position in aircraft-mounted rack connectors. The “Future Spare (Contact)”
positions will be the first to be used if and when additional contact assignments are needed.

When three-phrase power is supplied through these pins, the “state” of power control relay is controlled by
Pin MP5D. A “ground” on pin MP5D should turn the radio “on”. An “open” on pin “MP5D” should turn the
radio “off”.

Pin MP2F is connected internally to pin MP1B. Pin MP2F can be jumpered to pin MP2B to obtain internal
grounding or it may be connected to an external ground.

For control panels utilizing liquid crystal displays, a“ground” on pin 6 initiates a test of static displays.
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ATTACHMENT 1

STANDARD INTERWIRING
FUNCTION @ WIRE I/R @ TRANSCEIVER CONTROL PANEL  ANT.TUNER @ OTHER
7 HI D-5 MP1A o} :A‘. .
Mike Input LO D-5 MP1B To Mike
JPTTHI D-5 MP1C g
Audio/ Sidetone | HI D-5 MP1D Audio &)
Output JLO D-5 MP1E J Circuits
Data HI D-5 MP1F
Output JLO D-5 MP1G To
Data HI D-5 MP1H Data Link
Input JLO D-5 MP1J
DataKeyline D-5 MP1K |
¢- 1{ RESERVED (CW Keyline) @g MP2A ]
Audio Ground -5 MP2B -] Audio System
Mike Input PTTLO D-5 MP2C 1 ToMike
¢- 2{ Voice/ DataMode Select D-5 MP2D  0——0 12 O-mmmmmmmm e e ] Tuning System
Key Event D-5 MP2E J Flt. Recorder or other
¢- 3] Mike Input (Gnd) _ D-5 MP2F X1
Future MP2G
Spares MP2H
MP2J
J MP2K _
SSB/ AM Discrete D-5 MP3A Mode
LSB/ USB Discrete D-5 MP3B .| Select
SELCAL 7 HI D-5 MP3C ] SELCAL
Output L0 D-5 MP3D | Circuits
Freg. Sel. A D-5 MP3E
Port “A” 1B D-5 MP3F
Freq. Sel. A D-5 MP3G
Port “B” JB D-5 MP3H
Port Select D-5 MP3J
¢- 2| Blower Control D-5 MP3K
Future MP4A
Spares MP4B
(Contact) MP4C
MP4D
MP4E
: MP4F
MP4G
MP4H
Future Spares MP4J
J MP4K
¢- 24 Chopper Control D-5 MP5A
Rechannel Pulse 1-1 MP5B
Tuner Power 1-1 MP5C
On/ Off Relay 0.1-10 MP5D
RF Squelch D-5 MP5E
RF Sense D-5 MP5F
Future Spare MP5G
Relay Interlock {6) D-5 MP5H  O------—-—mmmmemmemeeeeenQ (G) O-m—mm—mm-, ] Interlock
¢- 3] Narrow/ Wide Range Select MP5J
M P5K o———0A
MP6A o——08B
MP6B o——o0C
MP6C o——obD
MP6D o——oE
RESERVED M PGE o——0oF These pin assignments are used in
(Re-entrant tuning) M P6F o——0G conjunction with an ARINC 559A-
MP6G o0—— OoH type control panel employing a
MP6H o oJ M S2133E20-39P connector
MP6J o——o0K
MP6K o——oL
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ATTACHMENT 1 (cont d)

FUNCTION @ WIRE I/R @ TRANSCEIVER CONTROL PANEL ANT. TUNER @ OTHER
] MP7A o——oM
MP7B o———o N
MP7C o———oP
MP7D o——oR
RESERVED MP7E 00— 0S  Thesepinassignmentsare used in
(Re-entrant tuning) @ MP7F o——oT conjunction with an ARI NC 559A-
MP7G o—— o W typecontrol panel employing a
MP7H o o X MS3122E20- 39P connector
MP7J o——or_
] MP7K o——o0j
Coax Connector connects to the antenna
Interlock Exc. D-5 BP1 o ] Interlock
RESERVED (Switched Phase A) {15 BP2 0
RESERVED (Switched Phase B) BP3 o] .
¢ 2] 115 vAC Unswitched Phase A BP4 — o N 3- Phase
115 VAC Unswitched Phase B BP5 —0 | e Source
115VAC Unswitched Phase C BP6 N
RESERVED (Switched Phase C) @ BP7 0
AC Cold BP8 e 0 (O) o ]
115 VAC Out BP9 o o (N) €
Chassis Ground BP10 oI
+27.5VDC 8-.07 BP11 o o (P)
Spare BP12 o]
] BP13 0
5VAC Lighting 7 H olo Lighting
L o2o0
115VAC TH 030————————— 115VAC
n L 040-————— ] Source
¢- 4] RESERVED (Static Display Test) 060
RESERVED (Coupler Tune Ind.) o70
RESERVED (Coupler Tune Ind. Ret.) 080
Chassis Ground 0150----||n
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ATTACHMENT 2

TRANSCEIVER UNIT CONNECTOR POSITIONING

)
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*See Note 16 of Attachment 0.
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ATTACHMENT 4
CONTROL PANEL WIRING
USING ARINC 429 SERIAL DIGITAL TUNING

FUNCTION Pin Identification
¢- 4] (Reserved) Static Display Test — 6
(Reserved) Coupler Tune Indicator — 7
(Reserved) Coupler Tune Ind. Ret. — 8
Voice/ Data Select — 12
115VAC Hi — 3
Lo — 4
Serial A — 9 =
Tuning ] B — 10 X ARINC 429 SERIAL DATA
S - 1 S GENERATOR
(Reserved) Off-On Control — 5 ———i
RF Squelch — 14 <1z é E
RF Sens. — 13 =o--= > !
5VAC Lighting (H) — 1 é !
Lighting (L) — 2 jﬂg 6 o :
Chassis Gnd. — 15 } o‘i ““““ %\Q
5000 Ohm
Linear
Sens. Or Squelch

Cont. (See Sec. 3.6.7)




COLLINS UNIVAC  COLLINS COLLINS MARCONI COLLINS COLLINS COLLINS  COLLINS
309A-1 3250/ 309A-9 309A-9A AD7400 180R-17 490S-1 490T-1/1A  309A-2D
180R-4 3255 (180R-12)  (180R-12) or 309A-17 (180R-6)
AD7400A
INTERWIRING Deutsch
DIAGRAM DM9702
FUNCTION SYSTEM P-5 236 P1-B P1-B 27-35 J1 J1 J5
1 | Tune Power (A) 7 26 25 26 2 25 H H H
(Not Used) (B) 2
2/ Band Info X (© 23 6 29 C
2/ Band InfoY (D) 24 7 15 B
2/ Band Info Z (E) 25 14 14 D
Keyline (3] 2& 12 19 45 19 3 19 K K R
3/ Keyline
Interlock (G 27 4 35 4 10 4 S S E
4/ Ground Pulse (H) 10& 6 3 33 3 1 3 F F T
5/ Chopper
Control ()]
Normally Open
Contacts J 15
(K) 14
Chassis Gnd. (L) 20 2 9 G G G
6/ 250VvDC (M)
115VAC (N) 1&3 28 11
AC Ground O 20 12 D D
+27VDC P 7/ 25 & 27 24 25 14& 8 24 L L L
9/ Others 10/ 11/ 12/

SNOILO3INNOD NId 43NNL VYNNI LNV

S INJWHOV1lV

gzabed —6T. D11SI43LOVHVHD ONIYY
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ATTACHMENT 6 —-SSB RECEIVER SELECTIVITY

+1 +2 +3 +4

y
. Nose Passband
-10 ' <
——- Not more than 6 dB down at + 350
2 L 2e# / and + 2500 cycles.
—— g
1
7-30 h
/i
- 4
| - 40
T ] 5 Skirt Rejection
[ 1] ] - 50
[ [ ] 1 Not less than 35 dB down
T at 0 and at +2900 cycles
|| and
f!fé - 60 77 not less than 60 dB down
[TTTTTT7TTl . at —300 and at +3300
cycles.
NOTE:

This selectivity applies to the SSB Audio output and
additional bandpass requirements apply to the SELCAL
output.



ENVIRONMENTAL TEST CATEGORIES

The following RTCA Document No. DO-160 categories apply to the environmental specification of the equipment described

in this Characteristic.

UNIT LOCATION

DO- 160
Section £ ) Cocko i
ectronics ockpit in
ENVIRONMENT Rack Of A/C

Temperature & Altitude 4 CATA1 CATA1 CAT D2
Temperature Variation 5 CATC CATC CATA
Humidity 6 CATA CATA CATB
Shock 7
Vibration 8 CATOorB CAT K or A CAT JorC
Explosion 9 CAT X CAT X CATE
Waterproofness 10 CAT X CAT X CATW
Hydraulic Fluid 11 CAT X CAT X CATH
Sand & Dust 12 CAT X CAT X CATD
Fungus 13 CAT X CAT X CATF
Salt Spray 14 CAT X CAT X CATS
Magnetic Effect 15 CATAorB CATA CATAorB
Power Input 16 CATA CATA CATA
Conducted Voltage Transient 17 CATA CATA CATA
Audio Frequency Conducted

Susceptibility 18
Induced Signal

Susceptibility 19 CATA CATA CATA
Radio Frequency Susceptibility

(Radiated & Conducted) 20 CATA CATA
Spurious Radio Frequency Emission 21 CATA CATA CATA

L INFINHOVLLVY

39Vd LNIINIFOV1d3d

Gz abed — 6T D11S1¥ILOVHVHO ONIHV
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ATTACHMENT 8

CONTROL GUIDELINES

1.1 Genera Configuration

Although individual customers will desire various knob
and switch configurations on their panels, the “ Standard
Control Panel”, for purposes of this Characteristic will
conform to the form factor of Section 2.2.2 and this
Attachment. It comprises a single HF Comm frequency
display, essentially in the center with four selector
knobs.

1.2 Frequency Selection & Display

The frequency selector should extend through the range
2.0 through 30 MHz.  Suitable switch wafers,
conforming to the requirements of ARINC
Specification No. 410, to cover this frequency range in
1 kHz increments should be provided.

Most users have stated a preference for a horizontal
frequency display, rather than a vertical display. All
users desire nothing smaller than ¥ numerals and
would prefer the largest numerals practical.

1.3 Connector Types

The “Standard Control Panel” should utilize an MIL-
C-83723-72R14159  connector  (or  equivalent)
positioned on the vertical center line of the unit.

1.4 Volume Control

An audio volume control may or may not be desired by
the individual customer. Provisions should be included
in the “standard control panel”, utilizing a 500 ohm
potentiometer connected to the audio output prior to
feeding the audio distribution system in the aircraft.

1.5 Master Off-On Control

A master off-on control should be offered as an option.
When this option is selected the control panel should
supply a “ground” to tune on the transceiver and an
“open” to turn it off.

1.6 Integral Lighting

Integral control panel lighting should be provided
utilizing 5 VAC power.

1.7 Control Function Transfer Switch

Although some customers may require means for
transferring control functions from one receiver to
another or for handling pre- set frequency selections, no
such provisions are stated herein for the “Standard

Control Panel”. Such functions should be custom
designed in accordance with the standards of ARINC
Specification No. 410, to meet the specific requirement
of the customer.

1.8 Mode Control

A switch should be provided to select the AM, SSB or
SSB-Data mode.

1.9 Sensitivity/ Squelch Control

A senditivity or sguelch control should be provided as
required. Guidance for this control may be found in
Section 3.6.7.
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ATTACHMENT 8 (cont’d)

CONTROL PANEL GUIDELINES

|t 5.750 -

TOP , A
|

' 19

l ©

N
|
|
|

Y

FRONT

i
i
i
i
i
i
i
P A
| V'
i
| 50N . -
i
i
[
TOP i
!
o1 MIL- C- 83723
g 72R14159
REAR

FIGURE 1

NOTE: The positions of the controls and display are not shown in order to allow design
flexibility.
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ATTACHMENT 9
TYPICAL TEST PROCEDURES ¢-5
AUDIO OUTPUT

FIGURE 1
Unit Under Test

Lo
R R,
600

a) select Ry, adjust input and unit under test for desired output level Vi (up to
rated output)

b) select Ry, adjust R, for Vo,=.9V,

®

C) Zo= 60R,
540 -R,
FIGURE 2
Unit Under Test R,

s | ©

a) adjust and maintain signal source (G) at V;=30mV
b) adjust R, until V=%V,

0 Zo=Ry NEXT PAGE INTENTIONALLY LEFT BLANK



ARINC CHARACTERISTIC 719 - Page 28

APPENDIX 0

GUIDELINES FOR HF ANTENNA SYSTEM DESIGNERS AND INSTALLERS

1. GENERAL

The intention of this supplement is to provide HF antenna system designers
and installers with some general guidelines, to be used as an aid in estab-
lishing a satisfactory HF antenna installation. Although a good electrical
design can be established by means of academic knowledge, a successful HF
antenna installation must be integrated into the airframe with full con-
sideration for airplane operation. Components of the antenna system that
are not easily accessible, or require special handling equipment to gain
access, must be designed for the highest reliability possible. For example,
past experience has shown that mechanical moving parts, such as relays,
should be kept to an absolute minimum. Also, non rigid electrical joints
that carry RF current, such as quick disconnect interfaces, should be
designed to reliably accommodate or avoid relative movement of the contact
area, due to conditions such as aircraft vibration.

Other considerations should include ease of trouble shooting. For example,
the HF communications system comprises several units which may be separated
by long distances. Therefore, changing units to eliminate a fault can
become a time consuming process, unless the number of Tine replaceable
units is kept to a minimum.

Impedance data has been included for various airplane installations, and is
intended as a general reference. The data presented is in no way intended
to establish bounds on the values of resistance and reactance.

2. HF __ANTENNA TYPES

HF antenna installations in commercial air transport aircraft to date can
be categorized in four ‘basic types: fixed wire, probe, cap, and shunt/notch
antennas. A brief description of each is presented below.




ARINC CHARACTERISTIC 719 - Page 29

Fixed Wire Antennas-These antennas usually consist of a wire connected to

a feed-through mast located on top of and near the front of the fuselage,
with the other end either secured to an insulator or grounded directly to
the upper portion of the vertical stabilizer leading edge. If it becomes
necessary to use a wire shorter than about 20 feet, the wire at the vertical
stabilizer is usually grounded. The use of wire antennas js usually limited
in their application to slower turboprop and piston driven aircraft. How-
ever, if wires are used on high performance airplanes, the angle of the -
wire to the fuselage should be kept to a minimum and suitable wire type

and tension incorporated. On airplanes with rear mounted engines, the
safety aspects of wire being ingested into an engine must be considered.

Since any wire antenna is a possible 1ightning attach point, properly
designed lightning protection should be provided. To prevent unwanted RF
radiation within the airplane the feedline between the coupler and the
antenna mast should be suitably shielded, and RF bonded at both ends of the
shield. Zero tension wire release systems must be provided in wire antenna
‘installations to eject the remaining wire if a break occurs. This prevents
the wire slapping on the skin and prevents possible interference to aircraft
control surfaces.

Fixed wire antennas provide a low cost approach that is usually suitable
for retrofit installations. The antenna coupler is usually inside the
fuselage, which should provide easy access. The radiation patterns are
satisfactory and the antenna coupler efficiency varies considerably over
the frequency band. Installing a wire antenna is a skilled operation
requiring careful attention to details. The antenna system reliability can
not be considered high for all applications and conditions, and fixed wires
should be used only after a design study shows it to be the optimum design



»
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for a particular airplane. Often there is considerable opposition to the
use of fixed wire antennas for aesthetic reasons, particularly on the higher
speed airplanes. An impedance plot of a wire antenna installed on a Boeing
737 1s presented in Figure 1.

Probe Antennas - This antenna type usually consists of a rigid isolated
probe about eight feet long which is generally installed on an airplane
extremity such as the top of the vertical stabilizer or wing tip. This type
of antenna is a probable ‘lightning attach point and therefore a 1ightning
arrester is required. Additionally, the antenna coupler and lightning
arrester must be located near the antenna, where vibration and temperature
conditions can be sufficient to degrade relfability of the electronic equip-
ment, if adequate precautions are not taken in the coupler design and in the
fnstallation. In installations of this type, the antenna coupler and light-
ning arrester must be mounted as rigidly as possible. The installer must
{nsure that the RF interface between the coupler and the lightning arrester
{s secure and that the arrester's breakdown characteristics will in fact
protect the coupler from lightning damage. The antenna coupler must include
{nternal protection design features for lightning effects which are below
the high transmit voltage breakdown characteristic of the lightning arrester.

Providing that adequate structural provisions have been made, the probe
antenna is suitable for retrofit installations, especially where more than
two HF systems are required on an airplane. The probe antenna provides a
moderate, cost, reliability, and performance installation. A disadvantage
of the probe antenna {s that it does not provide for easy access to the
antenna coupler and lightning arrester. Figures 2, 3, and 4 give an imped-
ance plot for the probe antenna mounted on the Boeing 707, 727, and 747
airplanes. The series equivalent impedance 1s capacitively reactive at the
Jower frequencies, and goes through resonance and becomes inductively
reactive at the high end of the HF spectrum. The increase of resistance
with frequency is not monotonic but indicates afrcraft resonance effects
which are inherent in the airframe.

-t
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Cap Antennas - Cap antennas consist of an electrically isolated section
of structure, such as a wing tip, top section of the vertical stabilizer,
or the end of the fuselage. The cap antenna can be considered a flush
mounted probe, with similar electrical characteristics to the probe.

The cap antennas requires a lightning arrester, the environmental conditions
are less severe than for the probe antenna, and the reliability is moderate
to good. However, due to the structural impact, a high fleet usage of HF
comunications is often required to make the cap cost effective. And, for
similar reasons, the cap antenna is not suitable for most retrofit instal-
lations. Ease of access to the antenna coupler and lightning arrester
varies for the various possible locations. The impedance plot of the cap
antennas on the DC-8 and DC-9 are presented in Figures 5 and 6.

Shunt/Notch Antennas - The shunt or notch type HF antenna is formed by
replacing metallic structural sections of the airframe with insulating
material, such as fiberglass. The insulated section is usually in the shape
of a slot or notch. The notch is cut into a section of the airframe that
has a high RF current density, such as the lower leading edge of the ver-
tical stabilizer, or the leading or trailing edge of the wing roots.

The notch antenna is cut as deep as practical into the airframe, but its
effective electrical length should be less than a quarter wavelength at the
highest operating frequency. The shunt antenna often consists of a long
slot running along the leading edge of the vertical stabilizer or wing. It
is longer than a notch but should be less than a half wavelength at its
highest operating frequency. As the notch antenna is more commonly used
for commercial applications, the following discussion relates principally
to the notch type antenna, but is generally applicable to both the notch
and shunt antennas.

The antenna couplers are installed inside, or in close proximity to the
notch. The accessibility to the couplers is usually better than that for
the wing or fin tip locations, and the environment is less severe.




——— -

25«01 (.’

-
o
-

}.—— Bolid linco shov model
impcdance data. *
Dotted lines show the
effect of the diclectrie,

lightning arrector and
viif i1solation unit.

L g

18 20

6 8 10 12 1% 16
PREQUENCY - MC.

IMPEDANCE DATA FOR THE DC-8 TAIL CAP ANTENNA

u FIGURE 5

J

2k

——

-

N

-'.'",

sor9000

/

9€ 939§ = 614 DLLSIIALOVIVHD ONIIY



ARINC CHARACTERISTIC 719 - Page 37

o,
ARRESTOR
.AND RELAY

: CPLR AccES
NI

e

>
g .

.' o . .;..

. o I
Y

>

ELEMENT |, TTFL Rt

I _
5 - ISOL ATION

Oq i
R
g;: T LR
i3 !
i'd i
- .
L

3

-l

u'

ve

-

REACTANCE-OHMS . /0 "1 ' 7T "

RESISTANCE-OHMS . . .- ..

. . o . [ :
————— - —— c—— —

. . . .
.t H
reen ame ———— ————tn .

L
B
2 1 I3 1B 20 22 24 ZJS ;.6 390
. —.' ... FREQUENCY —_— ’
<" D
_ " FIGURE 6
| ' __.__.DC-9, SERIES 30, HF ANTENNA IMPEDANCE _ -



ARINC CHARACTERISTIC 719 - Page 38

High voltages are generated in wire, probe, and cap antennas, which become
the principal design constraint. However, due to the low impedances
encountered in notch antennas, low voltages and high RF currents are
encountered. Therefore, notch antennas must be made of rugged high current
metallic parts. ‘

Notch antenna couplers can be very efficient, as the notch is tuned prin-
cipally with high Q variable vacuum capacitors while the other types of
antennas use variable inductors in their couplers, which have a lower Q

(less efficient). However, great care must be taken in the design of the
current path ia notch antennas and feed 1ine from the antenna to the coupler,
since at low frequencies the radiation resistance will be in the region of
0.1 ohms. Therefore, the dc resistance of the antenna and feed system
should be kept as Tow as possible to maintain system efficiency. A typical
design value is less than 10 milliohms for a notch antenna with a short

feed 1ine, and 30 milliohms for a shunt antenna and feed line.

Due to their location, notch antennas are unlikely to be subjected to

direct lightning strikes. Also, the design provides a low impedance by-pass
for lightning current. Therefore, high voltage lightning arresters are not

usually required. However, electrical impulse protection should be provided
for the antenna coupler, as 1ightnfng strikes to the airplane can produce a

pulse with a high rate of rise at the antenna terminals.

Notch antenna systems have good electrical efficiency and reliability. The
coupler can often be located inside or close to the cabin which provides
for good access. If provisions have not been made for a notch antenna in
the basic airplane design, it is probable that a shunt antenna will be more
suitable for retrofit installations. The low resistance values encountered
at the lower frequencies are difficult to measure, therefore three useful
techniques using readily available equipment are described in Section 10.
Impedance plots for the L-1011 and DC-10 are presented in Figures 7 and 8.
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3. COUPLER LOCATION AND ACCESS

Perhaps the most important long-term aspect of HF antenna system design is
to provide for low maintenance. Antenna system failures at remote line
stations can cause time and money-consuming aircraft delays if unit
replacement is frequent, or if special equipment must be brought to the
aircraft to reach the coupler, lightning arrester, etc. Evefy effort
should be made to eliminate potential maintenance actions and to make
access to the antenna system as easy as possible.

The antenna coupler should be rack mounted if feasible, but installations
may be encountered where there is insufficient space for rack mounting.

In these cases, provisions should be made for an alternative securing
system using quick disconnect type fasteners that require no tools for
installation or removal. If the antenna coupler is bolted in place, a few
large bolts are more desirable than a large number of a smaller size.
Access to' the coupler should be as easy as possible and removal straight-
forward. The feedline should maintain a low resistance quick disconnect
capability as well as provide fatigue-free performance throughout the life
of the aircraft. '
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4. TRANSCEIVER INTERFACE

The electrical interface between the antenna coupler and the transceiver
should be compatible with both the ARINC 533A and 559 types of radio. This
interface contains the minimum information required for universal coupler
compatibility and has been proven with all current designs. A1l contro)
1ines must contain RFI filtering and transient suppression provisions.

Frequency octave band information fs presently available from the radio set
control. Other paragraphs of ARINC 559A describe an optional serial interface
between the radio set control and radio. To avoid the necessity for a serial
" control interface in the‘coupler. new coupler designs should not require
frequency band signals.

The coupler should provide a means to detect tuning faults, or loss of
coupler pressufization and provide remote signéls that can be used to
troubleshoot the system at the radio rack. The coupler should maintain
pressure for a period of one year without maintenance. The pressure fault
line pin should be made available for monitoring.

It is desirable that the radio primary power contactor also switch on power
to the coupler when the radio is turned ON. The coupler should be designed
to use ac primary power per ARINC Specification 413 (MIL-STD-704).

During coupler tuning, the impedance presented to the radio (power amplifier)
will vary from near open to near short circuit. The radio must be capable of
self protection and still deliver power to the coupler to allow tuning
(approximately 75 watts at end of thne). Harmonics from the radio must be at
least 20 dB down from the carrier during tuning.
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5. DUAL SYSTEM CONSIDERATIONS

In dual installations where two couplers use a common antenna to provide
simultaneous reception on both systems, and transmission from one system at
a time, provisions such as interlocks must be made to prevent damage to one
system when transmitting from the other system.

For simultaneous reception there must be no interaction between the systems
that will cause loss of operational performance. Isolation amplifiers or
other networks may be used to prevent one coupler degrading the performance
of the other. When one coupler is transmitting power to the antenna, the
receive isolation amplifiers or networks must be adequately protected from
damage due to the high power signal. The interlock system must permit only
one system to transmit at any time.

Dual systems must be completely independent from each other except for the
interlock circuits and the common antenna connection. Interlocks must be as
simple and reliable as possib1e; The primary requirement is to prevent any
single failure from disabling both systems. The basic interlock (two wires
between couplers) allows the first system keyed to transmit and locks out the
other system through the coupler interlocks. Some installations also provide
additional interlocking of the key lines (to one system or the other).

In a dual system both couplers are identical, so positive provisions are
required to insure connecting the RF coax and control cables, as a set, from
one radio to one coupler. Intermixing may defeat the interlocks and damage
one (or both) systems.
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6. ANTENNA COUPLER

The coupler must match the antenna impedance to a VSWR of less than 1.3:)
as measured at the terminals on the transceiver. The coupler must be
capable of handling 650 watts PEP over the frequency range from 2 to 30 MHz
at the maximum altitude capability of the aircraft.

The single unit coupler (no separate control unit) simplifies system fault
isolation and lowers system costs. Sensors in the coupler that remotely
signal a coupler tune fault, low tune power from the radio, low coupler
pressure, etc., can greatly simplify system troubleshooting, and should be
available. '

Mechanically, the coupler should be designed to be easily and quickly
removed for maintenance. A mount which is bolted to the airframe structure
should provide quick disconnect mechanical hold-downs for the coupler unit
without need for special tools. Insertion of the coupler into the mount
should also complete the electrical connection to the antenna feedline
(including the all-important RF ground current connection) without need for
special tools.

The coupler should be pressurized for maximum reliability and have an
easily removable cover which provides good access to all inside modules.
A minimum number of cover bolts (8-32 size or larger) should be used to
simplify maintenance. The inside of the unit should be constructed to
isolate the RF tuning network from the control type circuits.

The RF interfaces of the coupler to the coupler mount, and the coupler
mount to the antenna feed point must be designed and installed to prevent
RF currents or voltages inside the fuselage. This basically requires a
coaxial connection between the coupler and antenna.
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7. GROUNDING, BONDING, CORROSION AND LIGHTNING PROTECTION

HF antennas can involve very high RF currents. For example, a shunt/notch
type of HF antennas has approximately 50 amps, at 2 MHz, flowing between
the coupler and antenna circuit. A reliable, low resistance path from the
coupler, through the mount and feedline, and around the antenna dielectric
slot is most important for satisfactory performance. The DC resistance of
this path should be on the order of 10 milliohms for a notch, a higher
value is considered acceptable for antennas with a higher radiation resist-
ance, such as a shunt. A1l connections in this path (except for the i
"coupler to mount" quick disconnect interface) must be secured using high
current type connections. Do not use wires or braid for those connections;
use wide metal straps or large metal tubes. Mounting instructions must
always require the coupler to be firmly seated in the coupler mount (for
electrical as well as mechanical reasons).

Provisions must be made to insure that there is no paint, insulating
material, sealing compound, epoxy, plastic, etc., in any of the high cur-
rent metal to metal connections. Do not use dissimilar metals in connect-
. fons and protect all connections from corrosion. Two clean aluminum mating
surfaces (with an electrically conductive chemically plated finish) which
are tightly held together make good joints. Additional protective sealing
may be required in very corrosive environments. Poor joints or corroded
Joints have caused performance problems with some shunt/notch antennas.

The probe antenna requires high voltage consideration since high reactance
is present at the low frequencies. The lightning arrester must be able to
sustain the high voltage present without nuisance triggering. Likewise,
coupler components must be able to sustafn the high operating voltages.

The lightning arrester (required for the probe or cap antenna) must effec-
tively bypass the full charge for each of 12 lightning strokes having the
following successive current components:

(a) An inital component rising from zero to a crest value of
100,000 + 5,000 amperes in 5 + 2 microseconds and decaying to



ARINC CHARACTERISTIC 719 - Page 46

50,000 + 10,000 amperes in 10 + 3 microseconds from the beginning
of the current waveform with a voltage rise rate of not less than
1 kilovolt per microsecond.

(b) Immediately following, a second component of the same polarity,
rising to 2,000 + 100 amperes within 5 milliseconds from the
beginning of the first component and with a total charge transfer
in excess of 20 coulombs. '

(c) Immediately following, a third component of the same polarity
consisting of a continuous discharge transferring at least 300
coulombs having a duration of not less than 1 second or more than
2 seconds. -

The arrester must bypass six lightning strokes as specified in (a), (b),
and (c) above, and the spark gap breakdown voltage should not vary more
than +8% or -20% of the specified breakdown voltage after each stroke.

The gap breakdown voltage should be monitored following each stroke and
should be equal to the highest of three individual breakdown voltages
occurring after a steadily increasing voltage.

The arrester should successfully bypass six additional strokes without
failure of arrester or its component parts except that the gap breakdown
voltage need not remain within the +8% or -20% tolerance.

Arresters for commercial applications are generally designed to conform to
the requirements of specification MIL-A-9094D(ASD) 16 March 1969. This
Military Specification can be used as an additional source of information
on high coulomb capability lightning arresters.

A bleed-off resistor should be included in the lightning arrester for probe/
cap type antennas, and for ungrounded wire antennas, to reduce p-static
problems.



ARINC CHARACTERISTIC 719 - Page 47

Antenna coupler manufacturers are warned that voltage spikes containing
very little energy may pass through the 1lightning arrester with a high rate
of rise and components in the coupler, particularly of the solid state
variety, must be protected. This is particularly applicable to the trans-
ceiver side of the coupler where the voltages are normally low because of

the 50-ohm characteristic impedance.

8.  VIBRATION

The coupler should be designed to withstand the vibration envelope specified
by the airframe manufacturers for the specific airplanes and locations, for
which the coupler will be installed.

The vibration level requirement for a fuselage located shunt/notch type
antenna coupler is usually less severe than required for a wing or fin tip
coupler. Two test levels should be used to test vibration characteristics
of a coupler. One is a functional test based on coupler operational per-
formance being demonstrated at a real time (actual) environment. The second
is a structural endurance test, based on an accelerated time input test
. level which is used to establish structural integrity. The coupler must be
tested in the mounting provisions for which it is designed.

9. TEMPERATURE / ALTITUDE -

A pressurized coupler case allows the coupler to be used either inside or
outside of ‘the pressurized cabin area. The pressurized case design helps
eliminate the problems associated with moisture, frost, and high altitude
voltage breakdown, thus greatly increasing reliability.

The case and cover seals should be designed for a one year (minimum) leak-
down rate. The cover seals must be capable of performance at maximum
altitude and minimum temperature. Seals must be reusable over the normal
1ife of the equipment. The coupler should normally be pressurized with
dry nitrogen at 5§ to 7 pounds gauge pressure and it should maintain this
pressure for a period of one year without servicing. '
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0. LOW RESISTANCE RF _MEASUREMENT

Method No. 1

At the lower HF frequencies, the impedahce of notch antennas is comprised
of low reactance and very low resistance. The reactance can usually be
measured without difficulty, but the resistive value is too low to be
measured directly with most instruments. The following is a description
of a possible measuring technique using a General Radio GR 1606B Impedance
Bridge. The technique consists of synthetically increasing the value of
the resistive component of the impedance by placing a low loss capacitor
across the antenna terminals. This impedance value is measured and used
to compute the true resistive value. The procedure is given below.

(1) Set up the bridge at the appropriate frequency and then measure the
impedance of the antenna, obtaining the value Xg, the reactance of
the antenna. The resistive component will be too small to
accurately measure.

(2) Place a low loss capacitor of suitable value across the antenna to
obtain a resistance value between 30 and 70 ohms. Accurately
measure the impedance value Rm + JXgm of the capacitor and antenna
combination. '

(3) Using the following equation, calculate R, of the combination
R'n2+xm2
Rp = —p— (Ry and Xy are in ohms).

Since the loss in the capacitor is small, for all practical purposes,
Rp is the equivalent parallel circuit resistance of the antenna.

(4) Since the Q of the antenna is relatively high, about 80, the series
resistance component of the antenna impedance may be calculated
from:
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This method has the advantages that all resistance values are easily
measured and the value of the capacitor used need not be known. Also, the
addition of the capacitor reduces the load VSWR, which in turn reduces the
probability of error introduced in rotating the measured impedance down the
cable from the bridge to the antenna input.

A variation of the above measurement technique is to use a low loss vari-
able capacitor across the antenna. The capacitor is adjusted to resonate
the antenna so that Rp can be measured directly.

Method No. 2

A second possible measuring technique to determine low values of resistance
for notch typé antennas uses the Hewlett-Packard 4815A Vector Impedance
meter. This method is useful in scale model applications where the antenna
feed point is limited in space available for instrumentation. In this
method, the antenna impedance is transformed to 50 +jO by the addition of

~ two small high Q variable capacitors which form an L-network in the same

configuration as a standard HF coupler. The R and the X values are
obtained as follows:

(a) Connect high Q, variable series and shunt capacitors at the
antenna feed point to form an L-network.

| 7 - A
< > /
/HC:e A

54

-
7] Csu

Xa

099

Test ’ T
Terminal Antenna Feed Terminal
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(b) Connect the Vector Impedance Meter to the test terminal and ad-
Just the series and shunt capacitors to read 50 ohms impedance
and 0 degrees phase angle.

(c) Accurately measure the capacity of the series capactor and the
shunt capacitor.

(d) Because the losses in a high Q (= 1000) air dielectric variable
capacitor are low, the antenna resistance can be computed as:

. 50 (Cse)?
Ra (Csh + Cse)
and antenna reactance can be computed as:

o = 106
A Wo (Csh + Cse)

- where Wo is at the test frequency in MHz.

Method No. 3

A Method to Extend the Tuning Range of the HP4815A

To Measure the Impedance of Aircraft HF Antennas

The HP4B15A vector impedance meter is not accurate enough to directly
measure impedance (ZA) if the anglé (8) is qreater than approximate 64
degrees. If @ is large, antenna reactance (XS) can be measured directly,
but resistance (RS) can onlv be determined by a measurement procedure which
involves using additional inductors and/or capacitors which are shown in
the form of an L-C Box. For best accuracy, 23 should be as large as possible.

This measurement procedure consists of four steps:
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1. Measure antenna impedance (Z], 0)

2. Measure antenna and coil/capacitor resonant impedance (1)

3. Measure cofl and canacitor resonant imoedance (23)

4. Calculate antenna impedance Zp = Ry :jX

To get good accurate data, one must securely bond (grqund) all
measurement equipment to the aircraft skin in the same manner that the
antenna coupler must be bonded (see figure 1). The bonding point must

be as close as possible to the antenna feed through.

The aircraft should be located awav from laraqe metal structures
such as buildings, power lines, and steel reinforted concrete to minimize
changes to antenna impedance. Power cords and wires which connett to the
aircraft should be arranged to have a minimum effgct on antenna data. If

touching or moving the nower wires causes changes to meter readinas, add

isolating choke inductors or ferrite cores to the wires (at entry to air-

craft) to isolate the aircraft from the power system.

The HP-4815A model with OPTN H-01 is recommended for measurements
near areas of strong RF signals (such as near an airport or near transmitting
antennas). The version of the meter has high level internal injection signals

to reduce {nterference from antenna conducted RF noise.

Measurement Procedure

Step
1. Measure 2) Antenna Impedance

Connect the HP4815A to the antenna feedline in place of the an;gnna

i .

E coupler (see figure 1). If the L-C Box is used, C1 and L1 are not
|

1

l

|

i

f
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connected to the antenna for this measurement. The antenna and rf
ground connections must be securely fastened. At each desired freq-

uency, record impedance magnitude and phase angle as Z) and §).

. 8. For 01 readings of approximately 84 degrees or less, antenna

series impedance Rg :jXs can be calculated directlv from the Z)
and 0y readings. Proceed directly to step 4(a).
b. For 0; qreater than approximatelv 84 degrees, use steps, 2, 3,

4(b). and 4(c) to determine Ry and X,.

Measure Z, (Antenna Impedance Parallel Resonated with Capacitor and/or Coil).

Connect the caﬁacitor and/or coil to the equipment setup of step 1.

See the attached diagram for detafls of L1 and C1. The connecting lead
or straps must be kept as short as possible to avoid addina effective
length to antenna. A metal box around L1 and €I is sdggested to provide
shielding (one side mav be left onen - the open end of L1 should face
the open side of the box).

a. Capacitive 0) Greater than 84 Degrees (Use Test Coil and Capacitor)

Adjust the. inductance of L1 to be Just large engouth to allow
Cl to resonate the coiland antenna. Start with C1 at minimum
capacity and Iy reading inductive. Increase caoacity just enough

to reach the first parallel resonance. At parallel resonance,
02 = 0 degrees and Z; indicates the paralliel resistance '

of L1 and the antenna. Vacuum capacitor losses can be
neqlected except for very short antennas. Record 22

and proceed to step 3.
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b. Inductive 0] Greater than 84 Deqrees (Use Test Capacitor)

Repeat step 2(a), using only C1 to resonate the antenna.
For shunt or notch antennas, connecting straps must have very
Tow Ioss and inductance (use short, heavy aluminum or copper
straps which are bolted in place).
Record 22 and proceed to step 4(c).

Measure Z3 Coil/Capacitor Impedance

Carefully disconnect the antenna lead without moving the HP4815A
probe or the L-C box.

Adjust C1 to again get parallel resonance as in step 2(a). This
results in 23 equal to the parallel resistance of the test coil;

Record 23 and proceed to step 4(b).

. Calculate ZA Antenna Impedance 2p = Rg+jXs

a. For 01 approximately 84 degrees or less
Rs = 27 cos O
Xg = 27 sin 8
b. For 0y capacitive and'greater than 84 degrees

Xs = Z] sin 9] = X
Rp = 23 _ (22)

R, = (2,)2 '
s é;-l- Note exact solution is: Rs = X< (Xp)

Rp

p =73
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c. For 0 inductive and greater than 84 degrees

X =2 sin 0 = +j2

S 1 1
R =2¢2
P 2
d. Examples

Capacitive Antenna

Measure: £1 = 600,01 = -90 degrees at 2 MHz.
22 = 72,000 ohms, 62 = 0
£3 = 90,000 ohms, 83 = 0

Calculate X = 600 sin (-90°) = 3600

R = 90,000 §725000[ = 360,000 ohms
P 90,000-/72,
2
1600! = 1 ohm
S 360,000

2A

e
1l

1 -j600 ohms at 2 MHz

Inductive Antenna

Measure: Z1 = 30, 01 = 89 degrees at 2.5 MHz
£2 = 3200 ohms, 82 = 0 degrees

Calculate: . X = 21 sin 61 J21 = 330 ohms

2 .
(30)~ = 0.282 ohms
S 3200

0.282 +3j30 at 2.5 MHz

=
n

™~
n
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HP4815A

Typical HP4815A and L-C Box
Antenna Coupler - Set up for R Measurement
Installation P
EQUIPMENT SET UP IN AIRCRAFT
L-C Box should be aluminum To HPABISA Antenna Parallel
enclosure for good shielding L-C Box Equivalent
| 12T ve

L1 is a high Q coil which Feed  CIreutt
can be adjusted (with a low * | Equivalent
loss tap) to approximately C Circuit
equal (resonant) capacitive -3 | R
antenna reactance X e | st S

P E L1 Cl ) X

E | S

Cl1 is a variable vacuum or air L )LD PR J
dielectric capacitor. C1 must RF| Ground
cover a capacity range to L-C Box Schematic Figure 1

resonate XL1 or XL1 in parallel

with X . Cl is 5 to 500 Pf for
P

most antennas (to around 4500 Pf

for shunt antennas).

*_ow loss connection (bolt or solder)
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APPENDIX 1

ORIGINAL "ASSUMED" ESSENTIAL SYSTEM CHARACTERISTICS

(See Section 1.7 of this Characteristic for significance of this material.)

NEW NOTE:

OLD NOTE:

The implementation of HF/SSB will have required three
decades before it is completed. Since there still
remains some actions to be taken by various regulatory
bodies throughout the world, these original "assum
Essential System Characteristics are reproduced herein.
Appendix 9 provides information needed to update the
"Assumed" Essential System Characteristics to reflect
the final stages of HF/SSB implementation.

The "Assumed Essential System Characteristics'" set forth
in this Appendix 1 were developed in the late 1950's by
the first AEEC HF/SSB Subcommittee based on the IATA
principles adopted and published in 1955, which were
given international stature by ICAO in 1957 (see next
page). These "assumed" parameters have served as the
basis for airborne equipment planning and design as
reflected in ARINC Characteristic 533 in 1959. Most
all aspects of these "Assumed Characteristics" were
subsequently (ICA0-1966) given the status of Inter-
national Standards except for the matter of half-kHz

vs unit kHz-channels as explained in detail in Appendix
7. Thus, because all decisions had not yet been pro-
perly settled at the time ARINC 559 was published, this
material has considerable historical significance, even
though, officially, it has been superceded by the ITU
and ICAO standards (see Appendix 8 for latest [1966]
ICAO0 standards and Recommended Practices).
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APPENDIX 1
CONTINUED,

ORIGINAL "ASSUMEQ" ESSENTIAL SYSTEM CHARACTERISTICS

As explained in the introduction
note on the previous pace of this
Appendix 1, this is old ICAO ma-
terial, includcd here for histor-
ical record purposes.
ICAO material is contained in An-
pendix 8.

The new

Annex 10 — Amuuiedfmm

4.—Single Sideband (SSB) I"‘
Radiotelephone C

from incomplete sideband suppressions,
: Py listortion, b )

System Characteristics

41 States wishing to util.
ize s Single Sideband sys!em for HF
dioteleph in the
lnter I A ical Mobile Ser-

vice should be guided by the following
characteristics, noting the fact that any
future -data transmission system would
lnvt to opeute within the frequency
istics and 1l of the
dioteleph Single Sideband system
being proposed. or that an aiternative
synﬂn to be anplled to she {IF radio-
Inter ical Mo-

bile Service would have to be adapted,
capable of accommodating both voice
and certain types of coded inteiligence.

1) Mode of operation. Single chan-
nel simplex mode of jon should
be employed.

%) Frequency ranye. The radio fre-
quencies used siould be selected from
the band 2 to 24 Mc/s. Tihe assigned
carrier frequency assignments should
be oa integral multiples of 1 kc/s.

wi) Frequency accuracy. For radio-
telephane operation the frequency ac-

curscy and stability should be such.

that the difference between any two
elements of the system working on the
same channel would not be more than
45 ¢/s.

Note 1.—In the cose of & suppres-

sed corvier system, this difference does
ot incinde Doppler effects.

Note 2.—In the case of 6 tmrollcd
carvier system, this is the difference
after AFC operation, which will, by
its weture, include corvection for the
error introduced by the Doppler efect.

iv) Sideband selection. The upper
sideband only shall be employed.

v) Bandusdth. The secessary basd-
width should not exceed 4000 ¢/s.
i{owever, in initial implementation
plmﬁg(orlhem)lm:/sv&-

tive utilisation of the existing ITU
frequency allotment plan.

Note.—The meximwm modulating
froquincy is not expecied to crceed
3000 /s

) Suprression of wndesired side-
band and tpurious ontput (Transmitier),
\ll un-oi band radnuom nnlm

1/11/63

——————— e - -

or other spurious outputs should be
limited in accordance with the appro-
priate ITU Radio Regulations and
note should he taken of the relevant
ITU/CCIR recommendations.

42 Steps to be seken to
cnsire o smooth tremsition to SSB from
DSB systems in wse. The transition to
SSB will require careful planning of the
stqu to be taken in the development,

ion and impl ion of SSB.

421 Planwing.

4211 There appears to be little
possihility of a sudden and discreté

. change from present DSB aeromobile

HF/RTF to an “ultimate” systems of
SSB. Therefore, one of the major
requirernents of an SSB system should
be case of implementation on s step-by-
step basis without degrading existing
services during any phase of the tranei-
tion.

4212 To facilitate develop-
ment and operational evaluation, certain
channels should be re-assigned to SSB
and should be substantially free of inter-
ference from other types of emission.

4213 Initial frequency alloca-
tion for the SSB HF/RTF service
should be on a basis that will permit

prog and spece
trum utilization within the frequency
1L plan in A dix 26 to the ITU

Radio Regulstions (Geneva, 1959), avoid-
ing the need for & complete frequency re-
arrangement during later stages.

422 Evelustion end develop-
ment.
4221 It is assential that system

4222

necessary complications during the eval-
uation trials, the mixing of SSB with
other modes of operstion should be
avoided as was done in the case of
mmrfmbnds

166

In order to avoid ue- .

Adtsachment D to Part I

422) Following  operational
evalu tion, system characteristics can be
developed in more detail than the basic
characteristics presently suggested. '

4224 With operational expe-
rience, there should be .progressive
cvo!utiouty development to ensure the

g the p
technical possibilities and the operational
conditior i experienced. For this reason,
the :y=: in specifications should be no
more rigid than necessary.
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APPENDIX 1 {CoMmTINUED)

ORIGINAL "ASSUMED" ESSENTIAL SYSTEM CHARACTERISTICS FOR WF/SSB

1.0 Imtonction

As explaired in Section 1.7 of this ARINC Equipment Characteristic, the
Internatioral Civil Aviation Organisation will, at the appropriate time,
adopt an internationally accepteble set of Standards and Recommended
Practices (8AR?S) to properly define the necessary HF Single Sideband
paremzstors fer internationsl use. The present Section 4. of Attachment

D to Part 1 of Annex 10 to the Convention of International Civil Aviation
(7th Edition - Avgust, 1963) provides the very tasic SSB System Charscteristics
in the fors of "guidance saterial”, as they vere developed at the ICAO Sixth
COM Division Meeting of Septemter, 1957. As explained in Section 4.2.2.%

of that Attachment thers should, wvith opereticnal experience, be progressive
evolutionary developmert %o ensure the optirum relation bstween the practicsl,
the tachnical possibilities and the operatioral conditions experienced. For
this reason, the Essential Syster Characteristics should be no more rigid
than necessary. Section 4.2.2.) of that Attachment emphasizes the Essential
System Characteristics can b developed in more detail than the basic

material contained in the present Section 4.1 of Attachment D to Part 1 after
operational evaluation has been completed,

Although the Sixth COM Division Msetin
prograss on KF Single Sidebard in the
even on a test basis, did not zaterialisze --- probably for the specific reason
that a firm and final dec!sion could not bs reached at the ICAD Sixth COM
Division Mseting on the specific typs of single sideband system which would

be nesded to accommodate futurs data transmissions end future volce communice-
tions using supersonic aireraft. It vas mot unti} mANY years later that the
Questions ixplied in Section 4.1 of tha original ICAO Attachment D to Part 1,
relative to the future type of $SB system to be reeded for data and volce
transaissions on supersonic transports, could te satisfactorily ansvered,
thereby allouing a more definitize set of Eesential System Characteristic:

to be adopted. Once an international agreesent has besn reachsd that a sup-
pressed carrier systes of Single Sidsband wil) Le aczeptadle far voice ard
future data systews on KF, the materlal originaliy conteined in Section /A

of the Attachaent D to Part 1 can te supplemented and perteps raissd in status
from "green page" Guidance Material to "vhite pages” for incorporation in
Chapter 4 of Annex 10 &s “SAFF3". Tnc materisl sontaired herein is predicated
or such a decision, endorsing suppressed carrier SSB as suitable for vcice

and data, being mede at ths next ICAO COM Division Meoting.

g of ICAO fully expected developmental
following years, the implementation,

2.0

- l=b ~
1 (Contd)
ORIGIRAL “ASSUMED™ ESSENTIAL SYSTENM CHARACTERISTICS FOR IIILSSI__

Such international agressent on HF SSB SARPS cannot tske- place until the ICAO
Eighth COM Division Mesting (or alternative 1CAO Conference, probadly in the
Fall of 1966); hovever, specific proposals can be developed at the technical
working level prior to that time vith at lesst sose degree of sssurance that
States will (later) sdopt a system vhich will be in all prastical respects
identicel to that agreed upon now, While ewch "assumed Essential Systen
Characteristics for HF/SSP cennot bave any irtermaticnal status as of nov, the
systes and equipment planners must go through this exercise st the working level
in order that the hardware, both ground and sir, can have the featurss and per-
formance capabilities which are most 1likely to be stated as necessary in the
iCAO SARPS vhen finally adopted several yoars from mov. It is, therefors, the
purpose of this Appendix 1 of this ARINC Equipment Charscteristic to set

forth certain suggested HF/SSB communication Essential System Characteristics

vhich can serve as s basis for the airborne equipmsat covered by this ARINC
Equipment Characteristic,

It must be assumed that these Bssential Systes Characteristics will be the
ones eventually to be adopted by ICAO, and 1t is upon these Essentisl Systea

Characteristics that the equipment covered by this ARINC Equipment Charac-
teristic is based.

In the following tabulation of Essential System Characteristics, those items
vhich are prua:tly in Attachment D to Part 1 of ICAO Annex 10 ars referenced
in the pertinent section number in parenthesis:

E: At this early stage of aditing meterisl for possible con-
ror sideration b; a gturo ICAO COM Division meeting, the wording
in the following propisal s been £ads to fit sz precisely
as possible in the original wording and the originil format
of the "green page” material developed by the Sixth ICAO COM
Division meeting in the belief that this will facilitete the
study and considerstion of the following propossl by ICAO.
Undoubtedly & complete re-editing of this materisl st a later
date (possibly just prior to, or during, the Eighth COM
Division mseting of ICAQ) would bs proper in the lntor:n'. _ors
providing a more effactive format for the "vhite page su:r
vhich might eventually result; yet, st this early stage o
development of these "words®, the sdvantsge of maintaining .
the orfginal ICAO format end organization of the material woul
ssen to be gquits important.

rzore, no atteapt has been made to include in the
;:;:::ing pt.-oponl -:; material relating to the opontiom}
use of the HF/SSB system tut instead the followving proposs
has been confined to the technical items which sre of major
import in alloving work to procsed on the sirborne hardvare
equipment development.

JHPLEMENZATION

he dacision
Sare tion 4.1, first paragraph but modified in viev of t

to ace::ts::ppruud.curhr aingle sidebend for dets trangaizsion es well
ae for voice.)
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APPRDIX ) (eontd)

ORIGEINAL "ASSUMED". ESSENTIAL . SYSTEM CHARACTFRISTICS FOR He/sss

States vishing to utilise & Single Sidebend Systes for Radiotelsphone Commmi-
cations in the International Aesronautical Mobile Service should be guided by
the following characteristic noting that any future data transsission must
operate vithin the frequency charscteristics and tolerances of the Single
Sidedand Systes, vhich must, thersfore, be capable of accommodating both
voice and certain types of coded intelligence.

2.1. Mods of Operatiocn

(Same a3 Section 4.1 1) of Attachment D to Part 1) but with a more

specific statement of intent.)

Only the single channel sirplex mode of operation should be employed.

2.2. [Prequency Raoge

(Same as Section 4.1 11) of Attachment D to Part 1 tut add “"MNote".) The redio

frequencies used should be selected from the band 2 to 24 Mc/e.

The essigned carrier frequency assignments should be on integral

mltiples of 1 Ke/s.

NOTE: During the interim period of transition from AN to
8SB opsration vhere a aixture of SSB and AM communi-
cations might exist on AM fraquency channels, and vhers .
the AM assigned carrier froquency assignments presently
ond in half-kilocycles, and vhere it 1e desired that
such AM transmissions be receivable by stations eamploying 2.4.
suppressed carrier S5B receivers, ground AM transmitters
should be moved to the sssigned carrisr frequency
essignsents (on integrsl multiples of 1 ke/s) of the SSB
atations using that channel and held to the frequency
sccuracy established in Section 2.) herein, in order
that reception by thess suppressed carrier single side-
band-equipped receiving stations vill be ensured.
2.3. [Iraquency ACSuracy

(Same as Section 4.1 111) of Attachment D to Part 1 except new Sections
2.3.1 and 2.3.2 have been added and the text has been clarified as a
result of the dscision on the SSB suppressed carrier system.)

For radiotelephone operation or for data link application the frequency
sccuracy and stability should be such thet the difference betuveen any
tvo elements of the aystem working on the same channel would not be

wore than 45 e/s.

NOTE: The foregoing frequency diffarence 18 inclusive of Doppler
offects for air-ground-alr S58 coamunications with sub-
sonic airerafty hovever, for superscaic eireraft, an
edditional fresquoncy difference rust be tolerated due to
Doppler effectz (the Doprler frequency shift betwesr en \
siroraft and the greund stetion is epprozizatsly one
eycle par sscond, par nagacycls, par Mach munter) such

#2.5.
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ippendix | (contd)

» " B35Sy

that e Mach ) aircreft operating on 15 megacycles will
produce a Doppler shift of 45 cycles per second which,
vhen added arithmetically to the sum of the frequency
tolerances of the sir and ground portions of the system,
gives a total "worst case” differsnce frequency of approxi-
mately 75 cycles per second and which is considered an
acceptable total difference including Doppler effects for

. sither voice or data transmission, considering all of the
rather improbable circumstances vhich mst add up the
vrong way to produce this "worst case® condition.

2.3.1 [Frequency Accuracy of Ground-to-Alr Transmissions

The frequency of any ground-to-eir transmission intended
for reception by suppressed carrier SSB means should be
held to an accuracy of ¥ 10 cycles per second, expressed
in teras of the actual carrier frequency, vhether or not
tunuit]t’od, with respect to the assigned carrier frequency.

Freguency Accuracy of hir-to-Ground Transmissions

The frequency of any air-to-ground transmission intended
for reception b; suppresssd carrier SSB mesns, should be
held to within Z 20 cyoles per second, exprussed in terms

of the actual carrier frequency, whether or not transmitted,
with respect to the assigned carrier frequency.

Sidetand Selsction

(Same as that of Section 4.1 1v) of Attschment D to Part 1 but sad
Note.) The upper sideband only shall be employed.

2.3.2

NOTE: This does not imply that the frequency spectrum previously
taken up bty the lover sideband of the AM transaisaion
would not be employed; the important significance of
the foregoing requirement is that only the upper side-
band on & particular transmission will be employed on
the ICAO frequencies for air-ground-air comminications,
(For certain point-to-point communications, the
*indeperdent sideband systex" of Sectlon § of Attachment
D to Fart 1 of Annex 10 applies; hovever, the inde-
pendent sideband system is not suthorised for sir-ground-
air use on ICAO circuits.)

Bandvidth
(Essentially same as Section 4.1 v) of Attachment D to Part 1 ~ modi-
fled for Clarity.) )

The suthorised emission bandvidth, should mot excesd 4000 c/e. However, in
3000 ¢/s virtusl carrier

initial implementation planning for the system,
separation is necepsary in the lower frequency *ands for effective utilisation

of the ex'sting ITU/IAARC frequency allotzent plen.

NOTE: The zaximum modulating frequency i3 not sxpocted to excesd
3000 c/s.

Fee Rppendix 7 .
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APPEOIX L (contd)

ORIGINAL "ASSUMED" FSSENTIAL SYSTEM CHARACTFRISTICS FOR HF/SSB

#2.6. Suppression of Undesired Stdeband and Souricua Gutput (Transmitter)

(Same as Section 4.1 vi) of Attachment D to Part 1 except nev Sections
2.6.1 and 2.6.2 have been added.)

411 out-of-tand radiations resulting from incomplete sideband sup-
pression, intermsdulation distortion, harmonics or other spurious
output should te limited in accordance with the sppropriate ITU Redio
Regulations snd note should be taken of the relevant ITU/CCIR recom=
wendations.

2.6.1 Spectrum Limits of Alrborne rapspissics (Nev Material to be

2.6.2

*See Appendix 9 ’

Added)

The power of sny eaissisn outside the sutkorized frequency dband
of emission should ce suppressed telow the peak ervelope pover
in accordance with the folloving schedule:

a. On any frequercy removed fryn the center of the authorized
frequency tard of emission by more than $0% up to and
including 150% of the suthorized exission tandwidth, at
least 25 decitels.

b. On any frequency removed from the center of the suthorised
frequency Land of emissicrn ty more than 150% up to and
including 2508 of the authorized emission tandwidth, at
least 35 decitels.

e. On any frequency removed from the certer of the authorized
frequasncy band of emission Ly more than 250% of the
authorized emission bandwidth, at least 40 decibels,

Spectrup Limits of Ground Transaiasions (¥ev Materisl to
be Added)

The power of any emission outside the suthorized frequency bend
of emission should te suppressed telow the pesk envelope power
in accordance vith the folloving schedule:

a. On eny frequency removed from the center of the authorized
frequency tand of emission ty more that 0% up to and
f{ncluding 150% of the suthorized emission tandwidth, at
least 25 decibels.

b. On any frequency revoved from the center of the suthorized
frequency tand of emission bty more then 150¢ up to and
inctuding 250¢ of the suthorized emission tandwidth, st
Jesat 35 declbels.

. On ary frequency remsved from the cenfer of the authorized
¢ frequercy berd of emlsaion of more tren 250% of the
suthoriged eafssion banduldil, st least 1o e piser level
of 50 mitrovatts, defined by formuls aw:

L3 + 10 logyo (aean outjut pover Ir. ustts) Decibels.

-1-8 -
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NOTE:

The significance of the different vording in the
sub-paragraphs "c" for sircraft end ground trans-
mitters {3 thet aircraft transmitters cannot, in a
practical operating environment provide more than
40 &b of attenuation, while with ground transmitters

fle ettenuation is not as difficult to provide sc lLi sn

airborne transmitter. Higher attenuation is neces-
enp- when the pover is higher than in an aircreft
transmitter, and it is mandatory that the pover be
reduced to 50 ajerowetts.

2.7. Irsnamitter/Cerrier Provistons

The form of carrier transmission shall be selected from one of the following

madesdepending upon the made of reception for wnich the transmission is
1atended:

2.7.1

2.7.2

Iransnission Intended for AM Receotion

Waen the transmission is intended for AM reception (using an AM
detector), a constant level carrier should be transmitted at a
level wnich is reduced not mors than 6 db below peak envelope
pver.

mis nte

When the transmission 18 intended for reception by detectlon means
using & locally generated carrier rather than a recsived carrier,
the currier to te transaitted shall be selected from one of the
fallowing (in order of preference).

a) Suppressed Carrier

The carrier t> bs at a constant level which is
r:lgzed 20 db or more below pe=ak envelope power.

rrier
The carrier to te transmitted at a level which is reduced

zore thun € 4t ead less than 26 db below peak envelope
paver. .

t) ced

e} Controlled Carrier .

The carrier to be made to vary inversely, or in an
indirect zanner, as the average level of the sideband
s3plitude veries so that the power rediated vill remsin
rourhly constant during aodulation.

HOTE: With controlled carrier operation the pover
srenskittsd in the carrier dces not spprecisbly
reduce the effective radiated pover in the

.
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ARPEDIX L (contd)

ESSENTIAL SYSTEM CHARACTERISTICS FOR HF/SS8

sidebands during full sodulstion inasmuch

as the transmitter is usually adjusted to
rediate a reduced level of earrier vhen no
modulation is present but with s reduction

to 26 db or mors belowv peak envelops pover
vhen full modulation is present. This type
of carrier opsration is well suited to high
pover ground station transmitters for practi-
cal and economic design reasons associated
with the circuitry of the transmitter and

the power supply systes.

d) Il Carcier

The carrier to be transal
{s reduced not more than

E: The use of full carrier transaissions during

NOT

tted at a constant level vhich

the sarly phases of izplesentation vhere

8SB and DSB users {A2, A2, A2A, and A2J)

are intermixed on the sade frequency channels
can aid the discipline on the communications
network by allowing users vhich are equi

with receivers and transaitters of several
types to monitor the circuit. It is particu-
larly desirsble that tull carrier operation
be continued by ground ststions operating

on such networks until such time as AM

users of that network vould no longer be
inconvenienced by their inability to monitor
the circuit prior to meking s call.

6 db belov peak envelope pover. -

- 1-10 -

This Page Intentionally Left Blank.
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AEPENDIX 2

GROUND EQUIPMENT REQUIREMENTS

The "Ground Equipment Requirements" set forth in this
appendix were developed as part of the original HF/SSB
activities in the late 1950's and published as part of
the ARINC 533 Spec. This information is again repro-
duced in this Characteristic for historical or REFERENCE
USE- ONLY since this material has not been updated since
1960,
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APPENDIX 2 (Cont'd)
SRQUND EQUIPMENT REQUIREMENTS

1.0 Applicability

2.0

It 1s not the intent of this ARINC Characteristic to establish deteiled
design requirements for ground equipment used either by government or
non-government operators as this wil) always be the specific prerogative
of the individual customer as there is little, if any, justification for
ground eguipment standardization.

Vet the concept of a System Specification br S$SB, such as set forth as an
assumption in Appendix 1 of this Characteristic, implies certain performance
requirements which should be followed as » minimum by all operators who
provide SSB communications service to aircraft. These minimum requirements
for ground equipment are certainly not intended as mandatory requirements
but, as a part of this ARINC Characteristic, have the same significance
and status as does the portion of this Characteristic pertaining to air-
borne equipments, namely, this material serves as » guide to prospective
manufacturers on the probable industry requirements and further provides

8 guide to customers in specifying their requirements directly with the
manufacturers.

Physige] Characteristics and Environmenta)] Conditjons

There is no intent to standardize any of the physical characteristics of
ground equipment in this Characteristic nor is there any intent to establish
environmental conditions such as temperature, humidity, electrical power
characteristics, audio input and output levels and impedances or even antenns
characteristics or performsnce. These will be subject to the usual cus-
tomer’'s desires or the manufacturer's standard practices.

Although this Cheracteristic specifies very specific modes of oporouoﬁ for

-the airborne equipment for obvious reasons, it is not the intent of this

Appendix 11 to establish specific modes of operation as & requirement for

sny and all ground station equipments. The decision as to whether a
perticular mode of operstion is required at a particular station is the pre-
rogative of the.equipment purchaser and is dictated by the operstions require-

ment of the user at that station. It is not the prerogative of this Appendix to

specify vhich mode shall be used at which station.

- 2-3 -
APPENDLL 2 (Cont'd)
GROUND EQUIPMENT RPQUIREMENTS

3.0 Modes of $S§B Transmission and Reception Reguired (Continued)

Neither is it the preropative of this Appendix to specify that if two wodes
of single sideband are required at a particular station, these two modes
should be accommodated in a single transmitter. Obviously, the user has

the cholce of providing two separate transmitters and two separate receivers
or a single transmitter and a single recelver or, in fact any combination
desired, depending upon his operating requirements at that station. It is
possible that in some ground stations an existing AM transmitter could be
retained for AM operation and s nev transmitter would provide for SSB
operation. However, at most stations it is likely that s single transmitter
vill normally provide the single sideband and the AM-compatible operation

ty simply providing a full carrier with single sideband and with sufficient
stability to meet the needs of suppressed carrier SSB operation and with
sufficlent excess power in the transmitter that the service range will not
te degraded ty "wasting" some of the power in carrier transmission. Economics
and other factors such as flexibility of operation would dictate the specific
configuration of transmitters and receivers at a particular site. It 1s,
therefore, the intent of this Appendix only to set forth the requiremsnts
which are deemed important for s particular mode of rather than
specify yhich specific modes shall be provided in a particular station or
sat of equipment.

Ground Equipment Performance Characteristics which are Jdentical to those
for Airborne Eguipments

The following Sections of ARINC Characteristic No. 559 spply equelly te
ground equipment and to airborne equipment end are, therefore, msde a8 pert
of this Appendix II: :

NOTEs In the following tabulation those sectioms preceded by on
asterisk (*) are included for completeness but complisnce
with these sections is obviously not required in 8ll cases
and should be subject to customer specification. They are,
however, suitable as general guidance to menufacturers. -

Section 2.0 Definitions for Purposes of this Characteristic (Including
all Subparagraphs) .

#Section 4.1 Frequency Coverage

Section 4.5 Mode of Operation

Section 4.6 Choice of Sideband .

Section 4.14 Transmitter Distortion

Section 4.135 Transmitter Frequency Response and Spectrum Limitatione
Saction 4.19 SSB Transmitter Carrier Characteristics (Including all Sub-

paragraphs)

*Section 4.23 Receiver Sensitivity

#Section 4.2 Automatic Gain cant;ol . fest

Section 4.26 Receiver Recovery after Transmission

Section 4.28 Receiver Selectivity in Suppressed Carrier Reception Mode
Section 4.29 Receiver Selectivity in SSB-AFC Reception Mode

Section 4.30 Recelver AFC Characteristics (Including all Subpersgraphs)
Section 4.31 Receiver Spurious Responses

Section 4.32 Receiver Overall Frequency Response

#Section 4.33 Hum and Noise In Roco:vcr (:u::ut

aSection 4.35 Receiver Automatic Noise Limiter

::uon 4.36 Receiver SSB-Mode Linearity (Including all Subpsrsgrephs )
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APRENDIX 2 (Cont'd)
GROUND EQUIPMENT REQUIREMENTS

5.0 Qther Performence Requiremonts

R 3 Any emissions on a harmonic of the desired
frequency and any distortion products are to conform with the spectrum
limits of the following Section 5.2.

aitte! e Res 3 r imita t+  The overall
frequency response measured from the microphone sudio input should not
vary by more than :3 db from the 1000 cycle per second reference level,
throughout the range of 312 cycles per second to:

(1) rith Customer's Cption Mo, | - 3 Kc: (See explanation of signifi.
cance of this filter in Note in Section 4.15) To sn upper limit
of 2500 cycleu per second.

(2) :ith Customer's Option Mo. 2 - 4 Ke; To an upper 1imit of 3000
cycles per second.

Further for compatibility with SELCAL operations there should be no
more than 3 do difference in response for sny two frequéncies in the
range of 312 cps to 1200 cps.

Suitable transmitter circuit filtering should be employed, and tie
1inearity of the transmitter should be such #s to assure the following
spectrum limits, when checked with rated power output using a two-tone
test on SSB-suppressed carrier or SSB flosting carrier transmission,
and with a single-tone test with SSB-full carrier transmiasion.

(a) A1l spectrum components st a frequency lower in frequency than
the assigned carrier frequency and higher in frequency than the
folloving upper limit with respect to the assigned carrier
frequency vwill be attenuated by at least 30 db.

(1) Mith Customer's Option Mo, 1 - 3 Ke: An upper limit of

3 Ke.
(2) Mith Custoaar's Option Mo, 2 - 4 Kct An upper limit of
3.5 Ke.

(b) All transmission lower in frequency than the following lower
1imit with respect to the assigned carrier frequency and higher
in frequency than the following upper limits sbove the assigned
carrier frequency will be attenuated by 40 + 10 times the log of
the msan power (in vatts) db, or 60 db whichever is less:
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APPENDIX 2 (Cont'd)
GROUND_EQUIPMENT REQUIREMENTS

%.0 Other Performance Recuiremsnts (Comtinued)

5.2

5.3

5.4

5.5

Inssmuch as the system considerations pertaining to deta transsission

Iranasitter Fraguency Response and Scectrum Limjtations (Continued)

(1) Hith Customer's Qotion Mo, 1 - 3 Ker The lower limit
will be 3 K¢ belov the assigned carrier frequency and
. the upper limit will be 6 Kc above the asigned carrier
frequency.

(2) yith Customer's Option Mo, 2 - 4 Kot The lower limit
will be 3.5 K¢ below the assigned carrier frequency and
the upper limit will be 7 Kc above the assigned carrier
frequency. *

NOTE: As these limits (for FCC purposes) are based on mean

piver it may be assumed that mean power is 1/4 of the
rated PEP of the transamitter.

These requirement are to be mst with the introduction of any modulasting
tone or tones either inside or outside the transmitter frequency response
bandwidth and having amplitudes up to at least 10 db and preferably 20
db greater than that which generates rated PEP.

Iranamitter and Receiver Frequency Stability: The basic frequency
stability of the transmitter and of the receiver shall be ‘identical
and such that there is never more than 10 cycles difference betwesen the
aztual transmitted or received frequency and the assigned carrler
frequency, without regard to Doppler effects. This maximum frequency
error of 10 cycles should be held under all environmental conditions
for which the equipment is designed snd intended to operate.

: This Appendix will not specify the power output for ground
transmitters in the knowledge that a number of different power ratings
of transmitters vill be needed and the customer and the manufacturer
vill jointly agree on the power requirements. FPower rating will be in
accordance with the definition of Section 2.2,

have not yet been established and inasmuch as there is presently no
operational requirement for data transmission or reception (other than
SELCAL) from stations operated by civil users (as traffic control data
1link systems will be provided as a part of traffic control communications,
generally operated by Government facilities), thers will be nothing
included in this Appendix to cover this mode of operation.
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GROUND EQUIPMENT REQUIREMENTS

5.0 Other Performance Requiremsnts (Continued)

5.6

5.7

t  Although the
major emphasis in terms of automatic data transmission for Alr Traffic
Control purposes has been placed on future data link 1t is expected
that wide use will continue to be made of the ICAO SELCAL System
(ARINC Characteristic No. 531) for many years to come and operation of
SELCAL from privately owned and operated ground stations will be
necessary. SELCAL operation can be accomplished either through AM
transmissions from the ground, or full carrier single sideband
transaission from the ground. Suppressed carrler transmission
cannot be employed because of inadequate frequency stability.

The audlo response characteristics for the ground tranamitter are
85> specified in Section 5.2 that not more than 3 db difference will
be obtained in the response over the frequency range of 312 or 1200 cps.

This Appendix does not provide any performance requirements catering
to CALSEL or similar signalling techniques utilizing frequencies below
350 cycles per second or above 2500 cycles ground-to-sir and air-to-

ground.

Regulatory Approval: Manufacturers are cautioned that all transmitting
equipment, to be licensed in the U, 5., must be suitable for FCC Type
Acceptance spproval and such Type Acceptence should be obtained by the
manufacturer before offering the equipment for sale commercially.

INTENTIONALLY LEFT BLANK
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(See Section 3.8.1 for related background material on the "Data Link" System.)
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CHRONCLOGY _AHD BIRLIQGRAPHY
[+ &1, 3
AEEC S PRQJECT
AD LEBERMIP CF

Although ~EEC gave its first considerstion to SSB for HF communications as 2
result of 2 paper submitted by Yrans~Canada Afrlines on October 10, 1530, the
first AEEC M Subcommittz2e chaired by !r. B. F. Mcleod of PAA recommended that

the first Industry ARING Characteristics No. 3522 through 527 be relessed (1
1952) without SSB jprovisions. y (1n

The real spark for the program came from the liilitery development of a satis-
fectory bi-mode equipwent capable of both SSB and AM compatible operation and
airline interest developed ss » result of the Novesber 14, 1955 IATA
Symposium on Single 3ldeband Sysitems planning held in Montreal. -Ismediately
therezfter AEEC estublished an SSB Subcommittes chaired by Mr. B. F. Mcleod
of PAA znd this Sucommittee met on February 20, 1956 to review draft No. 1

of ARIIC Characterastic No. 533 which had bsen prepsred by the Subcommittee
Chairman.

Then followed a series of complications; the FCC proposed rule msking to
require single sideband operation, resulting from Comsission action of April
11, 19563 then » diffevence of opinion on equipment design developed, and
particularly there was evident a difference of opinion on systes compatibility
between various segments of avlation, vith Drafts Nos. 2, 3 and 4 of Char. No.
833 each serving as » proposal for resclution of these knotty problems; and
finally with several competing systems such as the Kahn Compatible Full-
Carrier SB (proposed as a specific systeu at that time) and the Genersl
_Electric Synchronous Detectlon tertulque teing offered as a replacement for
suppressed carrfer SB. This tous Aifference of opinion culainated in

an ARINC Symposius held o Fehruaty 1, 1557 at which the merits ond demerits
of the various comprting tystems were threshed out and documented in & series
of papers subsequantl, circulated by ARINC. By this time, Draft No. of Chage
acteristic No. 533 had been circulated, however, because of the meny competing
systems, the Afrline Industry concluded they should aweit the outcome of U.S.
Government policy determinations on systems standards as this was now making
the rounds of the U. S. Alr Coordinsting Cosmittee in peepsratien for the
ICAO Sixth COM Division Meeting in the Fall, 1957. Although AEEC had now
developed Draft No. 6, the Charscteristicwas split with questions which had
not been resolved on & systems basis, thus, the Alrline Industry completely
disowned this draft! By this time, the other competing systems were no

longer a problem to the Airlines, however, the controversy now was between
suppressed carrier SSB and an AFC system, with the Airlines still asking
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GRBONOLOGY._AND BIALIOGRAPHI
OF_THE

AREC 330 PROJECT AND MOGERSHIP OF
THE AEEC SSh SUBCOMMITTER

GIRONCLOGY (Continued)

for AFC capability and the Military claiming it wasn't necessary. ICAO, over
the objections of the U.S. Delegation, adopted in the Sixth COll Division
Meeting, some very basic systea standards which were sufficiently broad te
encompass either AFC or suppressed carrier, st the U.S. Delegition request,
and this controversy continued in RTCA Special Committee 84 through the next
year in an attespt to get an sgreed system proposal.

The major sirlines of the world had missed implementation in their first
round of airline jet alrcraft in 1956, and the subsequent government-
ailitary-airline-sanufacturer controversy on the basic system requirements
served to make the sirlines again miss their chance for the second go-around,
and it wes not until the Spring of 1959 that it sgain became apperent that
snother deadline date wes approaching for new fleets of aircraft, thus, Drafts
No. 7 and 8 of Characteristic No. 533 were developsd in May, 1959. 1In July,
1959, AEEC endorsed a system of suppressed cerrier SSB with AFC capability
and directed the Subcommittee to work out all the resaining details, which
they did in their meeting of Septesber 22nd and 23rd, 1939, resulting in
Dreft No. 9. By this time, there was no further disagreement on the basic
system as it wes quite evident that provisions Tor AFC would be » requirement
for the future.. AEEC approved Draft No. 9 with only sinor changes on Movember
17, 1959 and the “"final draft®—=No. 10 was then circulated in Jenusry, 1960
for. ippréyal’ es an Industry document by the ‘Airlises Communication Adminis-
trative Colinéf). " -

The following years produced very little implementation of ARINC Characteristic
N>. 533 SSB equipment in the airline industry although there was widespread
implementation in the Military in several countries. The subsequent years vere
marked with many discussions of data 1link systems and the background of this

1s coversd in Section 6.1 of this docusent under the date 1ink "past history®.

The importent next step wes a proposal by the U. S. Governmsnt sbout m1d-1964

to introduce HP Single Sideband Suppressed Carrier to the Aviation Service by
means of certain stations which FAA presently operates for traffie control com-
sunications purposes. Advance documentation prepared by the U. 8. for discussion
during the ICAO Worth Atlantic Regional Air Nevigstion Mesting of February, 1965
enphasized the plan of the 0. S. Government to implement more and mors ground
facilities equipped for 8SSB cepability. The airlines chose to work with the FAA
on developing uniform international system standards and this required an induetry
consideration of the pros and cons of keeping the sutomatic frequency control
capability in the system or taking it out.

The industry gave careful considerstion to, this mtter during the October, 1964
AEEC General Session in Brussels, Belgium and recommended deleting all require-
ments for APC in the ARINC HF SSB airborme equipment. This vas again reaffirmed
ot & subsequent SS8 Subcosmittes mesting held on Jemuary 3-7, 1965 and “"Proposed
System Standards” describing the agres | 838 Systes were tentatively drafted.
Based on these tentative dystem Standards, the AKEC SSB Subcommittes revieved
the ARINC Charscteristic FNo. 533 Equipment Characteristic document and concluded
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0JRCT AND

CHROMDIOGY (continued)

that the state of the art had moved slong to the extent that an poen!
updated equi t

vould probably be justified in the near future and that e dcpu-ms .hcmlu?I be
;Idcmrm the original connector and interviring standards of that original

Characteristic 533 equipwent. Accordingly, s nev draft document was
:::a"r:d‘z :t‘t: l:lzl:lﬂl:;:od on the conclusions of this Subcommittee

culal or stry reviev in the 1

that the industry would desire i oy 1ee% on the Memumpticn

to issue this document after its approval, as an
entirely nev Equipment Characteristic No. 559. However, ss more rr':d more users

tecane comnitted to equipment designed to Cher. $33, the industry esked thet

AEEC explore the passibilitirsopen for o modernized equipment kesping inter-
changesbility with the older Cher. 533 equipment, P

Thus, sn edditional subcomnittee mesting ues held on June 29-30, 1965,
Ou.n: °:r ::. orinciple ressons underlying developuwent of the lh--f; 559 Spec. was
. ne

o' desire for s completely updated equipment designed to 10,
solid stete tuning techniques in order to olulmtr:hc maintenence ::'5 ’

relisbility problems associeted vith the complex aechaniesl devices prosently
esployed for frequency selection and tuning controls. At the June Subconmittes
meeting menufscturers sgreed that techniques for solid stete frequency selsction

and tuning were nov eveilsbie which could use efther the existing HF re-entrant
control techniques or the more recent "tuo-out-of-five" frequency selection systeam,
Now thst the “"electrickery" problems involved in utilizing the re-entrant control
systen seemed tohsve besn solved, the June Subcomwittee meeting égreed to retein the
frequency seleztion pin assignments and interuiring provisions conteined in Cher.

No. 533 and to sdd edditionsl pin assignments end aircreft jumper wires to sccommodate
0.1 Ke chennel selection capebility for possible militery spplicetion if eo desired
by thst customer. This "breek-thru” mede it precticsl to use the ARINC 533 Cher. for
® full updeted equipment design, including full use of solid stete techniques. The
Subconmittee also refined the Dreft 559 Project Peper for AEEC finsl considerstion.

At the September 1965 AEEC General Session in New Orleans, AEEC sgreed thet an
Industry need for Char. 533A existed and thus, AEEC approved this Char, 533\,
However, slthough seversl sirlines fevored AEEC spprovel of Project Psper 559 to be

1ssued es ARINC Cher. 559, s2 en alternative piece of harduare, there wes insufficient
support for such epprovel et thst meeting.

After it was evident thet the Industry did not need Char., No. 559 st this time, AEEC
noted the considersble smount of work expsnded and possible future ocustomer-menu-
fecturer intersst in the advantsges offered by thet Cher. Seversl sirlines urged
thet the Dreft Project Psper 559 not be completely sbandoned st this time, but
preserved in its present dreft form for pogsible future consideration if end when
there mey be sufficlent indugtry interest in repeckegeing the new HF equipment,

This egreement was recorded for Posterity in the following motion:

Mr, White (TML) moved, Mr. Dombeugh (NAL) seconded and AEFC
approved without dissent or sbstention the motisn thet
consideration of the Draft Project Peper Ko. 559 be delayed
to some future dete end thet the dreft 1is to be held in
sbeyance pending suah possible future ection.

IE: It wes aleo sgreed any future considerstion of the
Dreft Project Paper 559 would not be undertaken
unless it appesred in the meeting Agends to give
evervons sn oovortunity to prepere for the discuselon.
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CORONOLOGY AND BIBLIOGRAPRY OF THE ABEC §$SB PROJECT AND MEMBERSHIP OF THE AREC
5§38 SUBCOMMITTRE :

But work om the 539 remained dorment wmti]l resumed in 1969 upon the recom-
mendation of EAEC., Although there was a well defined interest om the part of
some sirlines, this interest was mot universal and AEEC agreed to procsed de-
1iberately, not hestily, to develop a new draft of Project Paper 339 with Vic
Persson of SAS serving as rapporteur of a working growp. This approach was
selected in order to minimize both the need for meetings and the possibility

of misunderstandings aing the significance of work on m updated HF SSB
Spec.

Vic prepared Draft 101 of Project Paper 539 vhich was circulated for Industry
coordination. The subsequent Ad Hoc meeting held during September 1969 in
Stockholm resulted in an updated draft. Review of the draft at the subsequent
Fall 1969 AEEC General Session revealed two significant problem aress involv-
ing the type of power supply and box sise which could not be resolved st that
time, Further work on these and other problems throughout the following year
resulted in Draft 103 vhich was spproved at the Fall 1970 AEEC Ceneral Session
in London, subject to a few minor details being worked out with manufacturers.
That coordination was completed in the Spring of 1971 however further publish-
ing delay was occasioned by the staff conclusion that some of the Appendix me-
terial must be updated before publishing. With thies revriting completed, the
Gray cover Characteristic was published in the Summer of 1971.

The HF/SSB subject and all hardware development remained dormant for sevaral
years following approval of ARINC 559. At the Spring 1975 AEEC General Session
in Washington EAEC, s number of airlines and some msnufacturers expressed
interest in new hardware. Vic Persson also reported ARINC 559 should be re-
viewed in the light of current user needs and design limitations for such
equipment. AEEC approved this undertaking, with Vic as Chairman, noting the
industry considered the Subcommittee should be free to revise ARINC 559 in

ANY way since little or no hardware or installations had been produced.

This decision by AEEC reflects, in part, a growing acquiescence by the airlines
for somewvhat more restrictive regulatory requirements on FUTURE equipment.
Preliminary coordination of the proposed new ICAO/ITU regulatory requirements
progressed throughout the early part of 1975.

The ARINC staff prepared Draft 1 of Project Paper 559A to reflect both the
users' needs and the anticipated changes in the "Assumed Essential System
Characteristics” (ESC's). That Draft was circulated in August 1975 by AEEC
Letter 75-063/HFC-01. In September the Subcommittee met at SAS headquarters
in Stockholm and reviewed both the hardware description and ESC's as set forth
in the Appendicles to that Draft. The questions concerning differences be-
tween user needs and manufacturers capabilities were resolved. The proposed
changes in the ESC's were approved by the Subcommittee. The Reports of this
meeting and updated Draft were circulated in October 1975. AEEC reviewed
Draft 2 of SS9A at the General Session in Miami during December 1975. Duaft

2 vas approved subject to a in the t of cooling air and a number
of editorial corrections. The question of cooling was again raised by the
airframe people prior to ARINC 559A publication in Gray Covers and final re-
solution appeared, at that time, destined to be the subject of a future change
by Supplement.
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APRNIRIX D (contimmd)

Due to the long history of Sulcommittes mestings, symposis, and extensive correspondence F. C. White .
on this mj-:t from its inception in 1955 until publication of the ARINC Characteristic L. E. Soremson - ;::t‘;;::":‘l":l:';::::“;:c ::h:u:::; "é.?if "
. »
N>. 533 in Pebruary 15, 1960, we shall 1ist herein, ss a part of this first phase of J. Varekamp KL P A-u:u nou...aom
the project only the participants and the official members of the SSB Subcommittee as R. Bohannon Pan American World Alrvays ont Pl:»rid
of the date of the September, 1959 SSB Subcommittee meeting vhich wvas the major effort J. Olds Pan Amsrican World Airvays mm' ﬂorld:
leading to the original ARINC Characteristic No. 5333 _ W. Gasper Trans World Airlines Iun; city, Mo.
F. W. Ungry United Air Lines Chicago, Illinois
W :. (')‘;us:uhh ‘eh U. S. Air Force Washington, D, C.
. Kouchnerkavicl U. S. Army * g
B. F. McLeod, PAA, Chairman V. T. Carnes ARTRC oy o o
R. Weihe, Northwest Air Lines B. R. Cliale ARING Washington, D. C.
R. N. white, Trens World Atrlines C. A, Petry ARINC Washington, D. C.
H. A. Ferris, Trans Canada Airlines W. S. Smoot ARINC Washington, D. C.
R. O. Smith, Hq., USAF T. H. Taylor ARINC Washington, D. C.
+W. Weaver ARINC Washington, D. C.
PARTICIPANTS IN SEPTEMBER 22-23, )959 MEETING )
H. D. Shawblin AEROCOM Miani, Florida
H. D. Shamblin Aero. Communications Equipment, Inc., Misai D. E. Busse AVCO ELECTRONICS Cincinnati, Ohio
A. J. Edwards British Embassy, Washington, D. C. 1. T. Pope AVCO CORP. Cincinnati, Ohio
W, E. Brunt British Overseas Airways Corp., London, England J. L. Whittaker BENDIX RADIO Baltimore, Marylend
E. W. Pappenfus Collins Radio Co., Cedar Rapids, Iowa T. J. McWiggan BRITISH EMBASSY Washington, D. C.
A. M. Gluck General Precision Labs., Plessantville, N.Y. C. Williams BRITISH EMBASSY Washington, D. C.
K. B, Boothe Kahn Research Labs., Freeport, N.Y. F. W. Bonnyman, F/L  CANADIAN DEPT. OF NATIONAL DEFENCE Ottaws, Canada
L. R. Kshn Kahn Research Labs., Freeport, N.Y. C. M. Madsen, P/L CANADIAN JOINT STAFF Washington, D. C.
P. J. Cahan Kaiser Alrcraft and Elec., Washingtom, D. C. R. C. Christie COLLINS RAD1O COMPANY Cedar Rapids, Iowa
Mr. Sorami ¢ KLM, Schiphol, Holland . L. R. Duncan COLLINS RADIO COMPANY Cedar Rapids, Iowa
E. J. Hird Marconi's Wireless Telegraph Co., New York D. J. Medley COLLINS RADIO COMPANY Richardson, Texas
0. H. Dowding Mullard Equipment Ltd., London, England 0. L. Miller COLLINS RADIO COMPANY Cedar Rapids, Iowa
R. F. Brown Remington Rand Univac, St. Paul, Minn. P. H. Weinheimer COLLINS RADIO COMPANY _ Cedar Rapids, Iowva
R. P. Doherty Remington Rand Univac, St. Paul, Minn. J. A. Davis FAA Oklahoms City, Oklahoms
W. R. lewis wilcox Electric Co., Kansas Clity, Mo. W, W. Felton FAA Washington, D. C.
E. Lawr Wright Air Development Center, WPAFB, Ohio F. B. Holsclav FAA Washington, D, C.
W. T. Carnes ARINC, Washington, D. C. :- : g:r’-:; :&‘: ::::::::::. g- g
. C. . K. ., D.C,
W. S. Smoot ARINC, Washington, D. C J. T. Dixon FCC Washington, D. C.
J. B. Levis Foe Washington, D. C.
S. M. Myers FCC Washington, D. C.
K. W. Spurwvey GENERAL DINAMICS CORP. Vashington, D. C.
Committee Membership and Particication in S$SB Project (Continued) K. C. Baasch ITr FEDERAL LABS Nutley, Nev Jersey
: J. S. Brodkowics MCDONNELL AIRCRAFT 8t. Louls, Mo.
For the second phase of this project where the ARINC Characteristic No. 533 document L. R. Mallin THE MARCONI CO. LTD. Basildon, Eseex, Englead
was reviewed and updated to produce the ARINC Characteristic No. 559 document, the A. S. Robson THE MARCONI CO, LTD. Basildon, Rssas, Englend
Officlal Subcommittee was rsvised as follous and the following participants took R. B} SuN OIL CO. Philadelphis, Pa.
place in the January 5-7, 1965 meeting: J. Caputo TECANICAL MATERIEL CORP. Mamaroneck, Nev York
H. J. Gelst TECHNICAL MATERIEL CORP. Mamaroneck, New YTork
AREGC SSB OFFICIAL SUBCOMMITTEE MEMBERS (February, 1965) 7. I. Lambert TECHNICAL MATERIEL CORP. Alexandris, Va.
J. R, Andras U. S. AIR FORCE ::m:-::::crm ﬂ.ﬂh
[+ J. C. Kerns U. S. AIR FORCE -] orson Ohie
S;J;n"ﬁﬁﬁi,'ﬁi hatrman N, R, Vare U. S. AIR FORCE Vright-Patterson AVD,OMe
Rick Kolen, TWA : . ::mm g. :. :rr: ::;‘::ut;- :-v Jorsny
. R, Raswussen .8 . D. C,
Vora Bosy, Alr Canada 0. - Bronxville, New Tork

7. Bannet, Flying Tiger Lines
D. Clark, UAL
Les Sebald, UAL

B. Whittemore
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Federal Avistion Agemoy
Pedere] Cox

Coflar Mopide, Iows

Fodorsl 1

Rsdio Corp. of Amsrice
Rsdio Corp. of Americe

¥, Persson, Chairaes SAS

U, Ghessi Alitalfa

0. Meredich BOAC

$. Comille Deutsche Luf thasse

J. Jurisch Deutache Lufthanss

J. Mohr s Amterdem, Wollewnd
£, L. Levy Pan Amricas Worléd Airvaye Miemt, Florids
Th. Ruteresu . SABERA

Sruesels, belgiwm

0. Sonaingen $AS Stockhola, Sweden

N. D, Shamblin AEROCOM Misai, Floride

¥, J. Ness Collins Radio Company Cadar Rapide, Iowa

K. J. Maraton Colline Redioc Compawy Cedar Rapide, Iove

D. Sloan Collins Radio Company Cadar Rapide, Towe
PAXTICIPANTS IN SEPTEMRER )3-17, 1975

SUBCOMMITTEE MERTING TW_STOCKNOLM
Vic Perseon, Chatrmen SCANDINAYVIAN AIRLINES nsfn(

D. Meredith BRITISH AXRWAYS

Jose M. Racacha IBERIA SPANISH AIRLINKS
John Mokr KX ROUAL DUTCR AIRLINES
Nolger Godek LUFTRANSA

Siegusr Comille LUFTHANSA

Ed Cressi PAN AMERICAN WORLD AIRWAYS
Philip Muteresw SABEMA

Berefl AIRLIRES SYSTEM
Ortar N. Roaningen SCANDINAVIAN ATRLINES SYSTEM
Chuck Schild UNITED AIRLINES

Dennis Tangney UNITED ATRLINES

3. K. Climie AERONAUTICAL RADIO, INC.

R. D. Shamblin AEROCOM

Willlam C. Thompson BENDIX AVIONICS

Vesley Follewsdee COLLINS RADIO

E. K. Mumford COLLINS RADIO

Viad J. Adem 1ATA

Kem Barg KING RADIO CORP.

Stockhoin-Bromas Sweden

Loadon, Ingland

Barajas, (Madrid) Spafa
Amsterdas, The Netherleods
Wosburg, Cormsay
Memburg, Cerseay

Mew York, Mew York
Zaventem, Belgiwm
Stockholm-Arisnds, Sveden
Stockholm-Brommu, Sweden
Chicego, Illinois

Sam Fraacisco, California
Anmspolis, Mery.

Meai, Florida

Ft. Lauderdale, Florida
Cedar Rapids, lowe
Cedar Rapids, Iowe
Moatresl, Que, Csnade
Olathe, Kansas

other dosuments pruuln

the 3B
atock entes copies of o1l of ASIC etters veferonced hovein.
are svellshle, however, we eon ot coplen mads 1if the aoed arlses).

The asst iager

for banie o1
Interastiansl als T

Lty M08 trkie comement m 1o @talasbie (e

Aty
Ualnnlty Strest, Mentres! 3, Gubec).

%-1-7
94-2-8

56-2-6

9%-2-9

%-2-13
96226
56-2-00
56-3-18
3~3-26
34-3-44

97-1-3
97-1-13

;

Single w Plasning

of "
ond DIE Subsemaittes Mpetings Suring week of 3/77/%
Single beting ad
Draft ARING Cherecteristic We. 533
Comments of Colline Medie on Ovelt S Cherscteslotic
Cennonts of Novthuest Alriines en Droft SEB Chevectesistic
Stetes feport on the SIB Preject and Draft tn. 2 of MONC
Cher, W, 53
Supplementary ?m for Deatft We. 2 of ARLNC 0-.‘:”

L

and Draft We. SDIM we. 533
Stotws feport en Siagle Sideband Prefect and .-ﬂ . 4
of ARINC Char. Ne. 333
Peper by L. N, Xshn en Conpetible Pull Corvier S0B
Further Iaformstion en the Competible S50 Syntem
Conpizrison of Syncheancus Potection, 30D and COIB for
hr-\utlul Cammmnications
hlﬂh-ll(m.mu e, 333
Coston’ Letter to TN on S8
Pagees m-ﬂd by Kebn and Peppenfes at MIRC
ARINC Single oubl
-::m mlu’ Article en lnlo Sdebond
Draft I. l. mm. Paper on Single Sidebend prepered

Single Sidebond

uamt-mmu—tm

E

1NC - an
Cherscteriotic for 3
Sixth Draft of Chap. Ne. 333 ./Ill_ __

On Fobrvery 1, 1939

Rates Ropert on AIIC S Progran

E. ] M\u Considoratione Affetting Cheice of S8 [N

sf Cpovat!

Oreft Ne. l.' ANINC Cher. No. 533 558 Bystem
Mooting

t ]

A Selestion of Pogers and Roports Pertataing to 908

\'n-hul of Dzaft Wo. ¥ of ARIC Chor. Wo. ‘ﬂ. "
1959 8B Svbcamnites

Roport of Septesher,
Iutu..ll)nu-.'uuu W, 333
muauun INC Char . -.w-um

W SWM/AN Systea.
Relsess of MINC "Charscteristic Mo, su. nm - S8/

tom
m-—-un iren Remingten Nond UNIVAC an l.h' 00 Astomme
Coupler Standing Weve Ratie

04 38ed - 614 DLLSTEILDVEVHD ONINY



- 3-10 -
APPENDIX 3 (continued)

CHRONOLOGY AND BIBLIOGRAPHY OF THE AEEC SSB PROJECT AND MEMBERSHIP OF THE AEEC

B GRAPHY :

Ltr. No,
el-1-16
cl-2-1¢
€1-2-28
Ou=2-57
£5-1-16
~h-1-19
t5H-1-20
tH-1-32

65-1-33

€5-1-43

65-2-2
65-2-7
65-2-9

65~2-10

65-2-11

65-2-15
65-2-19
65-2-23
65-2-234
65~2-24,

€5-2-2/A
£5-2-25

65~2-254

66-1-53

SSB_SUBCOMMITTEE
(continued)
Date Subject
11/4/60 Proposed Changes to the Interwiring of the ARINC SSB
, Characteristic No. 533
3/22/61 Release of ARINC Characteristic No. 532C and Supplement No. |
L to ARINC Characteristic No, 533
425,61 FCC Rule Making - Voluntary Single Sideband Operation in
. Aviation Services (Dockets 11513, 11678 and 11654)
9,°23/64 HF SSB System Standards and the Updating of' ARINC Characteristic
No. 533 - SST Newsletter No. 19
11/19/64  Announcement of AEEC HF Single Sideband Meeting on January
5-7, 1965 in Washington, D, C. - SST Newsletter No. 22
1:,730/64 More Information on HF SSB System Standards and Their Relation-
ship to ARINC Characteristic 533 - SST Newsletter No, 23
11,30/64  Chanpes Required in ARINC Characteristic No. 533, "Airborne
HF SSB/AM System"
1/25/65 HF SSB System Standards Proposal Resulting from January 5-7,
1965 SSB Subcommittee Meeting - SST Newsletter No. 26
3,175 Distribution of Draft No. 1 of ARINC Project Paper No. 5-9,
"Mark 2 Airborne HF SSB/AM System", Resulting from the
January 5-7, 1965 SSB Subcommittee Meeting - SST Newsletter No. 28
3/15/65 Further Report on the January 5-7, 1965 SSB Subcommittee Meeting
and the Decisions Reached on the New Equipment Characteristics
for SSB,
4/20/65 Report of the April 7, 8, snd 9, AFFC General Session held in
Mismi Besch, Florids
5/19/65 Announcement of "Finel" SSB Subcommittee meeting to resolve
remsining Induetry problems on Specs. (S5] Newsletter No, 31)
6/2/65 The Problemes of Updating the old Charscteristic No. 533 by MNew
Charscteristic No. 533A to permit Modernized HF SSB/AM Fquipment
within the physicsl design and Interchangeability Limitstions
of the old Cheracteristic No. 533. (SST Neusletter No. 32)
6/3/65 Distribution of Draft No. 1 of ARINC Chsrecteristic No. 533A,
"Adrborne HF SSB/AM System" for considerstion in the June 29-20,
1965 SSB Subcommittee Meeting (SST Newsletter No. 33)
6/3/65 Changes to Dreft No. 1 of ARINC Project Psper No. 559, "Merk 2 -
Afrborne HF SSB/AM System" Resulting from the April 1965
AFEC General Sesaion in Mismi Besch, (3ST Newsletter No. 34)
6/8/65 Marconi Company Limited comments on Cheracteristic No. 559, "Mark
2 - Alrborne HF SSB/AM System", (SST Neusletter No. 35)
6/18/65 HF SSB System Stendsrds - FAA Propoesl for Reconsiderstion of
: Tenth-Kilocycle Channel Spscing (SST Newsletter No. 36)
7/16/65  Report of the .une 29-30 AFFC SSP Subcommittee Meeting in
Washington, D, C.  (SST Newsletter No. 37)
8/16/65  Correction to June 195 SSB Meeting Report -- FAA Clarification of
7/16/65 g;:::i:ctlzi:m:a;:nn No. 2 of Pr
utlon o a . o. oject Paper . "
HF SSB/AM Systen™, (ST Newsleties me. 38) o+ 5334, "irborne
7/26/65  Correctlona to Control Panal of Draft Ne, 2 of Char. No. 5334
7/16/65  Diatribution of Draft No. 2 of Project Paper No. 559, "Merk 2 -
Alrborne HF SSB/AM Syatem", (SST Newaletter No. 39)
3/11/66 Corrections to Dreft No. 2 of Project Paper No, 559,"Merk 2 -
Arborne HF SSB/AM System"
3/11/¢6 Issue of ARINC Chsr. No. 533A, "Airborne HF SSB/AM System" --

in grey covers,
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APPENDIX 3 (continued)

CHRONOLOGY AND BIBLIOGRAPHY OF THE AEREC SSB PROJECT AND MEMBERSHIP OF THE AEEC

" BIBLIOGRAPHY

Ltr. No.

8SB SUBCOMMITTEE

(continued)

Date

Subject

69-1-56

69-2-2

69-2-27
69-2-53

69-2-53A
69-2-64

69-2-71
70-2-71

70-2-84
70-1-2

70-2-2

71-1-2

N75-042/AGS-22

75-063/HFC-01
75-064/SMA~61
75-065/HFC-02
75-088/HFC-03
75-095/HFC-04

76-006/HFC-05

4/23/69

5/27/69

7/8/69
9/18/69

10/7/69

10/6/69

10/10/69
9/23/70

10/13/70

11/18/69

5/11/70

12/31/70

6/27/15

8/15/75
8/15/75
8/15/15
10/14/75
10/28/75

1/7/76

Report of EAEC meeting of March 2-5, 1969 and updated
"Electronic Installation Characteristic" (The section
on HF Communication included in strong recommendation
to set up an HF Subcommittee to prepare a new project
paper.)

Report of the May 14-16 AEEC General Session Held in
Los Angeles, California. (Vic Persson of SAS was
designated rapporteur of a working group to draft a
new HF/SSB project paper.)

Distribution of proposed Draft 101 of ARINC Project
Paper 559, "Mark 2 Airborne HF/SSB AM System"
Circulation of Draft 102 of ARINC Project Paper 559,
"Mark 2 Airborne HF/SSB/AM System"

Circulation of Draft 102 of ARINC Project Paper 559,
"Mark 2 Airborne HF/SSB/AM System" (Corrected cover
letter)

Minutes of 43rd EAEC Meeting Held in Brussels Septem-
ber 9-11, 1969. (This report summarizes the changes
in/and status of Project Paper 559.)

Report of the HF/SSB Ad Hoc Meeting in Stockholm on
September 2-3, 1969,

Circulation of Draft 103 of ARINC Project Paper 559,
"Mark 2 Airborne HF/SSB/AM System"

Circulation of Minutes of the 45th EAEC Meeting Held
in Brussels September 29, 30 and October 1, 1970.

(This report summarizes the EAEC review of Draft 103.)
Report of the October 29-31 AEEC General Session Held
in Atlanta, Georgia. (This report summarizes the
status of the HF/SSB project.)

Report of the April 21-23 AEEC General Session Held in
Denver, Colorado. (This report describes the equipment
improvements and changes introduced by the draft project
paper.)

Report of the November 4-6 AEEC General Session Held in
London, England, (This report documents the last minute
changes in the project paper and the subsequent approval
by AEEC.)

Report of May 21-22 AEEC General Session held in
Washington, D.C. (This report documents industry
decisfon to update ARINC 559.)

Circulation of Draft No. 1 of Project Paper 559A
"Mark 2 Airborne HF/SSB System"

Announcement of AEEC Subcommittee Meeting on
HF/SSB

Circulation of Correspondence, Technical Proposals
and Background Info for New HF/SSB Spec.

Report of HF/SSB Subcommittee Meeting in Stockholm
September 15-17, 1975

Circulation of Draft 2 of Project Paper 559A

"Mark 2 Airborne HF/SSB System”

Industry Approval of Project Paper 559A, "Mark 2
Airborne HF/SSB System'
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APPENDIX 4

FCC RULE MAKING RELATED TO SSB EQUIPMENT AND THE TYPE ACCEPTANCE OF THAT EQUIPMENT

Current FCC Rules and Regulations

FCC Rules and Regulations currently (February 1976) applicable to HF/SSB for use
in the Aviation Service, as set forth in Part 87, are reproduced on the next

several pages of this Appendix.

FCC Order Deleting Limita;ions on Use of A3J

The 1971 FCC Rule Making information in this Appendix reflects the other historical
material deleting the limitations in the use of A3A and A3J emission under Part
87.67 (b). It has been retained in this Appendix for reference use.

Oggginal FCC "Report and Order" on HF/SSB

Early FCC material relating to the Single Sideband subject was published as a part
of an FCC "Report and Order" which was adopted by the FCC on April 24, 196l. As
this material contains much of the historical foundation for the current FCC
Rules relating to single sideband, it is retained as a part of this ARINC Equip-
ment Characteristic for reference use.



ad

b

TECHNICAL SPECIFICATIONS

§87.61 Frequencies.

(a) Specific information concerning the assignment
of frequencies to stations operating in any of the
Aviation Services is set forth in tbe applicable sub-
parts of this part. Applicants for, and licensees of,
stations in these services shall cooperate in ke selee-
tion and use of frequencies in order to minimize inter-
ference and obtain the most effective use of avthorized
facilities. Frequencies are available for assignment to
stations in these services on a shared basis only and
wiil not be assigned for the exclusive use of any
applicant. The use of any assigned frequency may be
restricted to one dor more geographical areas.

(b) I'requencies assigned to government radio sta-
tions under Executive order of the President may be
authorized for use by stations fn these services upon
a satisfactory showing by the applicant that such
assignment is required for inter-communication with
government stations or required for coordination with
activities of the Federal Government, aud where the
Commission finds, after consultation with the appro-
printe government agency or agencies, that such
assignment is necessary.

(¢} The frequency coinciding witlh the center of an
authorized bandwidib of emission shail be specified as
the assigned frequency; for single sideband emission
the carrier frequency shzall also be specified.

§67.63. Power.

(a2) The power which may be authorized for nse
at any station in tht Aviation Services shall not be
greater than the minimum required for satisfactory
techniral operation.

(b) Except as indicated in paragraph (c) of this
section, the power authorized for use at any station
shall be specified in terms of peak envelope power at
the transmitter ontput terminals. I’eak envelope
power is defined as the mean power during one radio
frequency cycle at the highest crest of the modulation
envejope.

(c) For stations using amplitnde modulated cmis-
sion and transmitting both sidebands and a full car-

rier, authorized power will be specified in terms of

unmodulated radio frequency carrier power at the
transmitter output terminale,

(8) Power may be determined either by direct
measurement or by multiplying tbe plate input power
to the final amplifier by an appropriate factor.

§87.65 Frequency stability.

(a) Except as provided in paragraphs (¢), (d), and
(f) of this section, and § 87.81, the carrier frequency
of each station in the Aviation Services shall be main-
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tained within the app}icable following percentage of

"the assigned frequency:

Frequency bands (lower
limit exciusive, upper
limit inclusive) and

categorics of stations Tolerances
(1) Band-~—10 to 535 kHz

Land stations 0.01

Mobile stations .02

Radionavigation stations .01

(2) Band—1605 to 4000 kHsz:
Fixed statlons:

Power 200 w or less. .01

I'ower above 200 w - . 005.
Langd stations:

Power 200 w or less. .01

Power above 200 w. . 005
Mobile stations .01

(8) Band-—4 to 29.7 ‘MHz:
Fixed stations:

Power 500 w or less . 005

Power above 500 w . 0015
Land stations :

Power 500 w or less. .01

Power above 500 w . 005
Mobile statious .01

(4) Band—29.7-100 MHz:
Fized stations, except operational fixed:

Power 200 w or less . 005

Power sbove 200 w. +003 -
Operational fixed stations:

78.0-74.6 MHz . 005

72.0-73.0 MHz and 75.4~7C.0 MBzo oo .. . 0003
Lend statiops:

Power 15 w or lesa . 008

Power above 15 w. < 002
Mobfle stations:

Power 6 w or less .01

Power nbove § w. . 003

e, e o .
Daditusviguiion slulues . Gi

(5) Band—100 to 186 MHz:

Land stations._._._ 10.002
Emergency locator transmnitter test stationg...__ 0. 005
Mobile stations:

Survival craft stations - 0.005
" Emergency locator statiovs. 0. 005
Alreraft and all other mobile stations_._.__. .. £0.003 -
Radionavigation stations 0. 005

{6) Dand-—~136to 470 MHz:
Tized stations :

Power 50 w or lass, . 005

Power above 50 w . 002
Land stations . 005
Nobile stations : . h

Survival craft stations. .01

Land mobile stations with power above § w... .002
Atreraft and all othier mobile stationS.caee e . 005
Radlonavigation stations. . 005
{7) Band—470 to 960 MMz: All staticdfe mcvaeue .01
(8) Band—960 to 1215 MHz: o
Land stations . 002
Alreraft stations. .01
(9) AN stations on frequencies above 1215 MHz_._ .01

1The tolerance shown is applicable to all types of trans-
mitters first suthorized after January 1, 1874. Those types
of transmitters mceting a telerance of 0.005 percent which
were licenxed before January 1, 1966 a&nd those types of
transmitters meeting a tolerance of 0.003 percent first au-
thorized during the period January 1, 1966 to January 1,
1874 may coutinue to operate, Frovided, however ; 'That sta-




(b) The power set forth in paragraph (a) of this
section is mean power, whick is defined as the power
supplied to the autenna transmission line by a trans-
witter during normal operation, averaged over a time
sufficiently long compared with the period of the lowest
frequency encountered in the modulation. A time of
140 second during which the mean power is greatest
will be selected normally.

(c) When transmitting singile side-band emission,
the carrier frequency shall be maintained within the
applicable following number of bertz of the specified
carrier frequency :

(1) For other than Civil Air Patrol Stations:

Heriz

) Al ground stations 10

(ii) Al aircraft stations 20
(2) For Civil Air Patrol Stations:

Hertz

(1) Al land stations. &0

(11) All mobile stations ; ——eee 300

1 Mobile CAP stations, elther on aireraft or in vehicles,
authorized prier to January 1, 1978, with equipment baving
a frequency stability of 100 Hr, may continue to use such
equipment until Jaouary 1, 1983.

(d) Radar transmitters shall meet the following
requirements in lieu of a frequency tolerance: The
frequeircy at which maximum emission occurs shall
be within the autbhorized frequency band and shall not
be closer than 1.5/T MHz to the upper and lower liinits
of the authorized bandwidth, where T is the pulse
duratiou in microseconds.

(e) Tolerances other than those specificd jn this
section may be authorized upon a satisfactory show-
ing of need therefor. In such cases, the tolerance
suthorized may be specified on the instrument of
authorization.

(f) The carrier frequency of each telemetry trans-
mitter operating in the band between 1435 MHz ard
15385 MHBz shall remain within 0.003 percent of the
assigned frequency.

§87.67 'Types of emission.

(&) Esch anthorization issued pursuant to these
rules shall show as the emission designator a symbol
represcuting the classification of emission and the
bandwidth.

-« b) (1) The emissions normally available for assign-
ment ir the Aviation Services and the corresponding

tloes usivg offset carrier techniques must comply with 0.002
toleramce after January 1, 1974. ’

2 The tolerance shown in the Table is applicatle to all types
of transinitters Brst authorized afier January 1, 1974. No ap-
plications for type acceptance of transmitters which fall to
neet this requirement wiil be accepted after January 1, 1974.
Transmitters with 0.005 percent tolerance authorized before
Jauuary 1, 1974, may continue to be uced until Turther notice.
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emission desiznxtox:l and authorized bandwidths are
as follows:

Authorized bandwidth
Class of emission | Emission des'g-
. nator Below 80 | Above 50 | Frequency
MH: MH:z deviation
kilohkertz kilohertz kilohertz
Al ——eeee] OIAL. ceaaeas 0.28
A2 231A2 2,724
% N GAD....ceeeeee 8.
A3A S, JA3A 3 4.0
ASH 8. 3A31 3 4.0
Al ZA? 4.0
A9 13494
A9 32401
Fi 13F1 1.2
F1 24F1 8
F31 k1) 40 15
F3¢ 16F3. 20 5
P da )

1To be specified oa suthorization.

1 Esch seronsutical en roite station suthorized to use IA3A and'or
3A37 emission shall render service to thoss aircraft stations which ere
squipped for double siceband (DSB) operation as well as those equipped
for single sideband (SSB). Alrcraft stations equipped for S8B operation
shall vse full carrier except when it is known that the receiving station
is carable of recejving uced or suppressed carrier emissions, and shall
uss full earrier upon request of any Station using the same frequency.
3%'5}.. 3A3H, and 3437 smissions will be authorized only below 25,00

kHz.

3 Applicsble to operational fixed stations presently suthorized in the
band 7307246 \THz.

+ Applicable to operational fixed stations in the bands 72.0-73.0 MIlz
and 75.4-75.0 MHz 27.d to CAP stations using class F3 emissions on 143.9
MHz and 148.35 MIIz.

# In the band 117.975-136 MHz, wherever footnote N (367 applies, the
autborized bandwidth is25 kHe after January 1, 1974, for all transmitters
type acespted after that date,

¢ This emiscion may be authorized only for sudio phase and frequency
shift keving and carrier phate and (requency shift keving for digital data
link purposes in the band 117.975-136 MHz when the channel on whicn
the signe! i trans:aitted is not used for voice communications, or {f the
ehannel iz nea] for vniea snmmunieation the smiccinn is siitharized nx
specitiad herein, providsd it is multiplexed on the voice carrier without
derogation to vaice siznals. Use of this emission by ground stations must
be appraved by the Cemmission prier to operation.

1 Applceble only to Survival Craft statinns and to the emergancy locator
transteitters and exergency locator transmitter test stations emploving
moduiation in accordance with that specified In § 87.73(h) of the rules,
The specified bandwidth and medulation requirements shall appiy to
emergency iocator transmitters and survival craft transmitters for whicl:
type sceeptance is granted efter October 21, 1973,

(2) The maximum bandwidth for stations operating
in the frequency band 10.350 to 10,680 MHz is 25 MHz.

(c¢) For other emissious, the emission designator
may be determined from Part 2 of this chapter and
the autharized bandrwidth 1may be specified on the tu-
thorization. The authorization of 50 kHz bandwidth
for A3 emission on frequencies above 50 MMz is tem-

rary end this fact should be considered in the design
of VHF radio equipment for future use.

(d) Au authorization to use radiotelephone emis-
slon will be construed to jnclude use of tone signals or
signaling devices whose sole function is to establish or
maintain voice communications.

(e) Fmissions other than, or handwidths in excess
of, those listed in puragraph (b) of this section, may
be nuthorized upon a satisfactory showing of need
therefor. An application requesting such special au-
thorization shall fully describe the emission destred
and the required bandwidth and state the purpose for
which such operation is proposed.

L§ 87.67 (1) (2) amended cff. 8-1-75; Vviy-1}



§87.65 Bandwidthk of emission.

(n) Occupied bandwidth is the frequency bandwidth
such that, below its lower and above its upper fre-
quency limits, the mean powers radiated are each
equal to C.5 percent of the total mean power ra.jated
by & given emission.

(b) The authorized bandwidth is the maximum
occupied band+width authorized to he used by a station.

§ 87.71 Emission limitations.

(a) The mean power of emission shall be attenuated
below the mean output power of the transmitter in
accordance with the following schedule:

(1) When using transmissious other than single
sidchuud (3A3A, 3A3H, 348J):

(*" On any frequency removed from the assigned
fregasney by wore than 56 percent up to and includ-
izg 100 percent of the autborized bandwidth: at least
25 decibels;

(ii) On any frequency removed from the assigned
frequency by more than 100 percent up to and includ-
icg 250 percent of the authorized bandwidth: at least
80 decibels,

(2) Yhen uvsing single sldeband (3A3A, SA3H or
343J) trancmission:

(i) On any frequency remonved from the assigned
frequency by more than 50 percent up to ard including
150 nercent of the authorized bandwidth: at least 23
decibels.

(li) On any frequency removed from the assigned
[requency by more than 150 percent up to and in-
cluding 230 percent of the authorized bandwidth: at
least 83 decibels,

(3) On any frequency removed from the assigned
frequency by more then 250 percent of the suthorized
bandwidth:

(i, Airccatt stations below 30 MUz : 40 decibels,

(i1) Aircraft stations above 30 MHz and ell ground
gtations: 43 plus 10 Log:, (mean output power in watts)
decibels.

(bj} When an emission outside of the authorized
bandwidth results in harinfu) interference, the Com-
mission may require appropriate technical changes in
equipment to alleviate the interference.

§ 87.73 Modulation requirements.

(a) When double sideband full carrier amplitude
modulation is used for telephony. the modulation per-
centage shall be sufficient to provide efficient communi-
cation and shall normally be maintained above T0
percent on peaks but shall not exceed 100 percent:
Provided., however. That this requirement doas not
apply to transmitters carried aboard aireraft in such
a manner as to be avaflable for use only under emer-
gency and distrese conditinns for survival purnoses.

{b} When special {ynes of emission are employed,
the modulation requirements may be specified.

(e) In order to meet the reguirements for type &c-
ceptance in the Aviation Services, a double sideband
full earrier amplitude modulated radiotelephone trans-
mitter with rated carrier power output exceeding 10
watts shall be capable of sutomatically preventing
modulation in excess of 100 percent. In the event that
operation of any licensed radiotelenbone transmitter
causes harmfuol interference to any authorized radio
gervice because of excessive modulation, the Commis-
sion may require that tha use of such transmitter be
discontinued until it is rendered capable of anfomati-
czlly preventing modulation in excess of 100 percent.

ARINC CHARACTERISTIC 719 - Page 75

(d) In order to meet the requirements for t¥pe ac-
ceptance in the Aviation Serviees. a singie sideband
trensmitter shall be capable of operation in both of
tue fuliowing moues:

(1) With the carrier suppressed at least 26 db below
perk envelope power,

(2} With tbe carrier transmitted at a level between
8 snd & db below penk envelope power.

(e) In single sideband operatiop. the sldebaed on
the hizher frefjuency side ¢f the carrier frequencyr shall
be ‘transmitted.

(£) Each fregunency moduiated transmitter operat-
ing in the hand 72.0-76.0 MHz shall tie provided with
a device which antomatically will prevent mogutation
in excess of that specified in §87.67: Provided, how-
ever, That this requirement shall not apply to trans-
mitters first authorized prior to July 1, 1880, for oper-
ation in the band 73.0-74.6 MHz.

(z) Each frequency modnlated transmitter equipped
with a modulation limiter in accordance with para-
graph (f) of this section rhall glso be equipped with
2 low pass filter between the modulntion Hmiter and
the modulated stage and, at audio frequencies between
8 XHz and 15 kHz shall have an attenvation greater

than the attentuation at 1 kHz by at least

40 logse (*/s) decibels
where “f” i{s the frequency in kilohertz. At andio fre-
quencies above 15 kHz, the attenuation shall be at least
28 decibels greater than the attenuation at 1 kHz.

(h) Emergency locator transmitters, and emergency
locater transmitier test stations shall employ ampli-
tude modulation of the carrier with an audio frequencey
sweeping dowuward over a range of not less than 700
Hz, within the range 1600 to 300 Hz, with a sweep rate
between two and four times per second. The modula-
tion applied to the carrier shall be in accordance with
that specified in the Radio Technical Commission for
Acronauties (RTCA) Documents Nos. D0O-145 or DO-
146 (available from Radio Technical Commission for
Aeronautics, Room 655, 1717 B Street, NV., Washing-
ton, DC 20008).

§87.75 Transmitter control requirements.

(a2) Each transmitter shall be so installed and pro-
tected that it is not accessible to, or capable of opera-
tion by, persons other than those duly authorized by
the licensee. )

(b) Unless otherwise specifically authorized, each
station shall be provided with a control peint at the
locition of the transmitting equipment. Applications
for additional control points shall specifr thie location
of cach proposed contro! point and any suthorization
which may be issued shall show the location of each
‘gneh santral naint,

{¢) A control point is a position which meets ali
of the following conditions:

(1) Such position must be under the control and
supervision of the licencee:

(2) It is a position at which the monitoring {acili-
{ies reguired by this section are installed apd at which
the transmitter can, without delay, be rendered in-
operative ;

(3) 1t i3 a position at which tbhe regquired licensed
radio operator, responsible for the actual operation of
the transmitier, is stationed.



(4) At each control point the following facilitics
shall be installed:

(1) A device which will provide continuous visual
indication when the transmitter is radiating or whea
the transmitter control circuits have been placed in &
condition to produce rsdiation: Provided, however,
That this requirement shall not apply to aireraft sto-
tioas;

(2} Equipment to permit the operator to monitor,
avrally, all transmissions originating at dispatch
.points under his supervision ;

' (3) Facilities which will permit the operator to
disconnect any or all dispatch point circuits from the
transmitter.

{e) A dispatch point is &an operating position from
which messages may be trausmitted under the direct
supervision of the licensed control point operator. Dis-
patch points may be installed without authorization
from the Commission, and persons authorized by the
station licensee to initiate messages from these poir's
are not required to be licensed by the Commission.

§ 87.77 Acceptability of transmitters for licenting.

(a) From time to time the Commission publishes a
revised list of type approved and tyrpe accepted equip-
ment entitled, “Radio Equipment List-——Equipment Ac-
ceptable for Licensing”. - Copies of this list are avail-
able for inspection at the Commission’s offices in Wash-
ington, D.C,, and at each of its field offices.

(b) Except as provided in paragraph (d) of this sec-
tion, each transmitter used in the Aviation Services
must be of a type which has been type accepted by the

- Commission for use in these services.

(¢) Some radio equiprent which is to be iostalled
aboard air carrier aireraft must meet reguirements of
the Federal Commuuications Cominission, and those re-
quirements of the Federal Aviation Ilcgulations which

are applicable. The applicable Federal Aviation Ad-

ministration requirements may be obiained frow the
Jederal Aviation Administratiop, Washington, D.C.
20553.

(d) The following excepticns to the provisions of
paragraph (b) of this section are provided on the ex-
press condition that the operation of stations using
trapsmitting equipment pot type accepted hv the Com-

mission shall not result in harmful interference due -

to the failure of such equipruent to comply with {he
current technical standards of Subpart A of this part.

(1) Type nccepted egquipment is ot required at de-
velopmnental stations.

(2) Type accepted equipment is not required at
Civil Air Patrol stations.

(3) Equipment wlich has not been type accepted
may be used at fiight test stations for limited periods
where justifiecd on the basis of good cause shown.

(4) Xquipment which is to be used exclusively un-
der emergency and distress conditions for survival pur-
poses and which is carried aboard aireraft in such
a manner as to only be available vnder these condi-
tions need not be type accepted by the Commission if
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it is a type which was in use prior to January 1,
1965. '

(5) [Reserved]

(6) All cquipment sought to be utilized under a li-
cense authorizing the use of frequencies in the band
10,550 to 10,680 MHz shall be type accepted if specified
in an application filed after July 20, 1962, except that
equipment authorized to be used prior thereto is per-
mitted to continue to be used provided such speration
does not result in harmful interference to other stations
or systems which are conforming to the technical stand-
ards eontained in §§ 87.63, §7.65, and S7.67.

(7) All trausmitters for use in radionavigation land
test stations after October 1, 1966, must be of a type
which has been type accepted by the Commission for
use in these services: Provided, hoiwcever, That noatype
accepted equipment authorized for use in a radioparvi-
gation land test station before October 1, 1966, may
coutinve to be used until October 1, 1976.

(8) Trpe acceptance is not required for U.S. Gov-
ernment furnished transmitters in the performance of
a U.S. Government contract if the use of type accepted
equipment would increase the cost of the contract or
jf the transmitter will be incorporated in the finished
product: Provided, howecver, That such equipment
shall comply. with all the technical specifications con-
tained in this subpart.

£5 87.77(d) (6) amended eff. 8-1-73; V(4)-12

§87.79 Type acceptance of egnipment.

(1) A Wwauudaclurer o a pe ol tianshudiei io-
tended for use in these services may request type ac-
ceptance for such transmitter by following the type
acceptance procedure set forth in Part 2, Subpart J, of
this chapter. (Airborne transmitters intended for use
in these services shall be tested with ambient tempera-
ture variation from —20° to 4-30° centigrade.)

(b) Type acceptance for an individual transmitter
may also be reguested by an applicant for station au-
thorization, in accordance with the type acceptance
procedure set forth in Part 2, Subpart J, of this chap-
ter. Such transmitter, if accepted, will not normaily
be included on the Commission’s “Radio Equipment
List—Equipment Acceptable for Licensing,” but
will be individually enumerated on the station
authorization.

{(c¢) Additional rules with respect to type acceptance
are set forth in Part 2, Subpart J, of this chapter.
These rules include information with respect to witb-
drawal of type acceptance, modification of type ac-

cepted equipment and limitations on the findings upon
which type acceptance Is based.



(d) In the case of applications for type acceptance
of equipment (ground and airborne) fntended for
transmission in any of the frequency bands lsted
below, the applicant shall, on a date no later than the
date of filing of the application with the Commission,
transmit to the Federal Aviation Administration
(FAA) a letter of notification advising that agency of
the intent to file, or the filing, as appropriate, of the
type acceptance application. (Manufacturers and in-
ventors are encouraged to contact the FAA in the early
conceptual or developmental stages to reduce the possi-
bilities of acceptance delays and -economic loss.) The
letter of notification sball be transmitted to: Federal
Aviation Administration, Systems Research and De-
velopment Service, Spectrum Analysis Branch, 800
Independence Avenue SW., Washington, DC 20591, It
shall describe the equipment, giving the identification
by manufacturer and type number and including state-
ments of the antenna characteristics, rated output
power, type and characteristics of emission, the fre-
quency or frequencies of operation, statement of es-
scentinl receiver characteristics if protection is required,
and the purpose for which the equipment is to be used.
The type acceptance application shall inciude a copy
of the letter of notification and shall attest to its trans-
mittal, and date thercof, to the FAA. Action will be
withheld for a period of 21 days following tbe date of
ronsint of tha tvne anrcentance application in order to
afford the FAA an opportunity to comment. If the
Commission receives from FAA an objection to issu-
ance of ¢ype acceptance which includes a showing of
noncompatibility of the equipment with the National
Airspace System, the Commission will consider this
showing together with all other information in its
possession concerning the equipment before taking
final action on the application. The frequency bands
are as follows:

3108 MHz to 117.975 NI Xz. 14.0 GHz to 14.4 GHz.
828.6 MHz to 335.4 MHz. 15.40 GHz t0 15.70 GHz.
960 \NBz 10 1215 MHz. 24.25 GHz to 25.25 GHz.
. 1535 MHz to 1660 MHz. 31.80 GHz to 33.40 GHz.
5000 AfHz to 5230 MHz, :

§87.81 [Reserved]
I 87.81 deicted and [Reserve) cff. 8-1-715; V(14)-11
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APPENDIX 4

FCC _ORDER DELETING LIMITATIONS IN USE OF A3A AND A3J

3 rsnzm COIAUNICATIONS
“ COMMISSION

R [PCC T1-164)

SINGLE SIDEBAND EMISSIONS

" Order Deleting Limitations on Certain

Aircroft Radio Station Licenses
1. The Commission on June 26, 1968,

adopted a report and order in Docket

17858 which, among other things,
amended § 87.67T(b (1) of the Commis-
sion’s cules to provide for.the regular
use of suppressed carrier single sideband
emissions in aircraft stations when it is
known that the receiving station is
capable of recejving such emissions.
2. Prior to the above amendment of
. the rules, aircraft stations, when using

- single sideband equipment, were not
" authorized to use suppressed carrier

emissions except under a developmental
authorization. Aircraft radio station l-
censes which were issued prior to the
rule amendment contained special provi-
sions limiting the single sideband opera-

tion to the transmission of full carrier

(A3H) emission. These provisions were

o & B mx

mcluced\n oraer to prot.act stations us-
ing double sideband equipment.

3. In a letter to the Commission, Aero-
nautical Radio, Inc. directs attention to
an operational evaluation of 3A3J emis-
sion on a family of high frequencies used
on the North Atlantic air routes. ARINC
suggests that license restrictions may
prevent some US. aircraft from partici-
pating in the program:; and in light of
the amended rule, recommends that the
Commission lift the restriction on cur-
rent aircraft licenses in order that single
sideband suppressed carrier operations
may be conducted in accordance with the
present rule. ARINC suggests that the
license restrictions be lifted without the
sdministrative need for license
modification.

4. The use of single sideband sup-
pressed carrier operations continues to
increase in the aeronautical mobile serv-
ice.” The remaining double sideband
operation is protected by the present pro-

visions of the rules. Suppressed carrier .

emissions may be used when it is known
that the receiving station is capable of
handling that kind of emission, and full
carrier must be used at the request of any
other user of the same frequency. Ac-
cordingly, it appears that the license
restrictions are no longer necessu'y and
should be removed.

5. In view of the above: It i3 ordered,
That effective immediately, the licensee
of any aircraft radio station authorized
to use frequencies below 30 MHz as set
forth in Part 87 of the Commission’s rules
and an appropriate transmitter may em-
ploy A3A and A3J emission in accord-
sance with § 87.67(b) of the Commission’s
rules notwithstanding ucense provisions

" to the contrary.

‘Adopted: February 18, 1971
Released: February 24, 1071,
Froeaal COMMUNICATIONS

{sxAL} BeN F, WarLre,
Secretary.
[FR Doc.71-2013 Plled 3-371;8:81 am]



APPENDIX 4 (Cont'd)
E

MAKING
HD_THE CEPTANCE OF THAT EQUIPME! G
Before the FCC 61-511
FEDERAL COMMUNICATIONS COMMISSION 3140

Washington 25, D. C.
In the Matter of

Amendment of Parts 6 and 9 of the
Cormiesion's Rules and Regulations
to require the use of single side-
band transmissions in fixed radio-
telephone service below 25,000 ke,
except Alaskan and maritime fixed.

DOCKET NO. 11513

end
In the Matter of )

Amendment of Part 9 of the Commis-
sion's Rules to require the use of
single sideband transmission in the
aeronautical mobile service for
radiotelephony on frequencies
below 25,000 ke.

PCAKET NO. 11678

and
In the Matter of

Amendment of Parts 2, 3, 4, 5, 6,

7, 8, 9, 10, 11, 16, and 19 of the
Commission's Rules conceraing type
acceptance of transmitters, band-

width and spuricus emissions.

Report and Order

DOCKET EO. 11654

By the Commission:

1. On October 16, 1557, the Commission adopted a Further Notice
of Proposed Rule Making in the above-entitled zmatter inscfar as Paxt 9
of the Rules is concerned, which Notice vas published in the Federal
Register on October 24, 1957 (22 F.R. B386). Comments were to be
f1)ed by February 3, 1958, end replies vithin ten days thereafter. The
Commission subsequently grented petitions for additional time to file
corments. The time wes extended finally to October 15, 1958 and replies
wvithin twenty days thereafter.

2, Thie Report end Order completes rule-making vith regard to
the Commiesion's proposals to specify the applicable technical standardas
for voluntary single sideband operation below 25,000 ke in the Aviation
Services (Part 9). The attached Appendix contains. appropriate amendments
to Part 9 of the Commission's Rules. :

APPEWWIL 4 (ConttQ)
RULE VA¥TNG RELATED 70 S34 EQ'

AND_THE_TYPE_ACCEPTANCE OF THAT PQUIPMENT
‘ -

. ¥
3. Crments in response to this Further Notice of Proposed

Rule Making vere submitted by Aercnauticel Radio, Ine., (ARIRC),

Barker & Willimson, Inc., Collins Radie Co. and Motorola, Inc. ARINC

comments incorparate, by reference, the conclusions of RICA SC-Sh

contained in "Charscteristics of Aeronautical Single Sideband Systems.”

Reply comments were filed by Ccllins Redio Co.

4. In general, the ccrments favored the principle cf Single
Sideband (SSB) operation and none opposed it. Motorols, Ine., however,
proposed a technicsl epproach to SSB cperation different from the
suppressed and full carrier modes of operation proposed by the Cemmission.

5. Motorola, Inc. advocates synchronous single sifeband, pilot
carrier, operstion inotead of suppressed carrier operation, citing,
smong other reasons, that no doppler shift will be experienced regard-
less of aircraft speed and the frequency stability requirements csn be
materially relaxed, thus enabling the use of techniques vhich are
technically and econamically feasible.

6. In regard to the Motorola proposal of synchronous single
sideband operation, it should be ncted that the Carmission's proposal
requires both full carrier and suppressed carrier operstion to insure
eanpatidility with double sideband equirment. This Report and Order
1s not intended to prohibit operation in other modes af single sidedand;
1t is intended only to preclude the use of large emounts of eguipment
which may eventually prove unsuitable for integration into an ultimate
single sideband system, Therefore, in this respect, the single sideband
tranemitter specificaticns will be as proposed.

7. Concerning tbe frequency stability requirements of Docket
No. 1165k, Motornls, Inc. bas expressed concern that the requirements
are extreme and may .ot be technically and econcmically feasible. Collins
Radio Company in its reply comments indicated that they bad found, as
s matter of fact, that the requirements are technically teasible and
econamically fessible. The Cemmiseion finde that these requirements are
technically and econcmically feasible.

8. Ccmments bave been submitted vhich are nat considered to
he within the scope of the issues as proposed, and they are accordingly
rajected. This includes proposals as to the techniques of making pover
measurements and the question of supplemental use of the lower sidedband.

9. Collins Radio Ccmpany proposed that the frequency tolerance
Ye changed from the proposed 5 e¢ycles per second for ground based equip-~
ment and 20 cycles per second for sirborne equipment to 15 and 25 cycles
respectively. The present tolerance has been relaxed from that originally
propased to 10 end 20 cyclee respectively. This revision is in sccordance
with the reccrmendstion by RICA §C-84, hovever, it does not reach tha
accaracy prcposed by Collins.
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KING RELATEL Tu S3% ESUIFVEN
AND_THE TYFE ACCEPTANCE OF THAT EQUIPMENT
3

10. Concerning spuriois emissions, the Commission bas followved
the recomiendations of the RIC.. which 15 considered vy the Commission
as an expert body representing government snd industry.

1), ‘Some parties have recormended that the earrier be suppressed
by at least 40 ab in single sidebend suppressed carrier operations. In
the suppressed carrier mode, it {s desirable that the carrier Le attenu-
ated as much as is practicable. For regulatory purposes, hovever, it
is found necessary to require only a minirmm attenuation sf 267ay
below peak envelope pover, ' o .

12. In connection with the assigrment of s “"carrier frequenéy“
as set forth in Section 9.1768(c), it was noted that the term “carrier -
frequency” loses meaning with many types of multiplexing and data
signaling. It should suffice to say that this proceeding relates only
to rediotelephony and it is so eatitled. '

13. While this rule-making sdopts technicel standards to allow
_ single sideband operation, it is important to note the requirement for

compatibility of operation with existing double sideband equipment. In
view of this, requeats fcr air ground operation using SSD eaission with
cerrier suppreseed more than 6 db will not be granted on a regular basis
nor will the fect that a staticn may have only capability of GA3 emission
be in itself sufficient grounds for suthorizing en additicnsl station to
serve the same area utilizing single sidevand emission. Potential
users of HF single sideband are not urged by this Report and Crder to
increese the use of high frequencies dcmestically and, in fact, are
cautioned that there is no presert reliable estimate.as to . hev long
HF air/ground communicetions will Le justified domestically in the
United Siates. The trend in the United Etates has been for demestic
aviation cperations to be conducted on VHF frequencies, In this connectien,
the Geneva Radio Regulations (1959), presently before Congress for
ratification, provides, among other things, in Resolution Fo. 1k t.h‘at
administrations take the necessary steps 'to make as great & use as
possible of very high frequencies in order to lessen .the load on the
high frequency (R) Lands."

14. The matter of a possible conversion progras to ccmpulsory
single sideband may be considered again st e later date vhen developmant
and implepmentation heve progressed sufficiently to enalle the Camission to
ancemulate more detailed data on equipment and systems performance undsr
normal operating conditicns.

the aythority contained fn Section 303(

APPENDIX 4 (Cont'd)
FCC RULE MAKING RELWTED TO 388 E3UIPMENT

AND THE TYPE ACCEPTANCE UF THAT EQUIPMENT
e

15. In view of the foregoing, IT IS ORDERED, purnmﬁ: to

e), (£) and (r) of the Cammmica-
tions Act of 1934, es emended, that urfecéivc May 26, 1961,

:trt 9 ot the Camnission's l.lu.ltu is amended as set ft.:rt.h in the utt.ufahed.

18, IT IS FURTHER ORDERED, ttat the proceeding in Docket
Fo. 11678 1s terminsted and the proceedings in Deckets No. 11513 end

Rl:;ish are terminated insofar as ‘they relate to Part 9 of the Cammissicn's
es, : : -

FEDERAL COMUNICATIONS COMMISSION

Ben F. Waple
Acting Secretary

Attachment

Adopted: April 19, 1961
Released:  April 24, 1961

NOTE: Rules changes herein will be covered by T. S. V(61)-1,
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APPENDIX 4 (Cont'd)
FCC RULF. MAKING RELATED TO SSB EQUIPMENT ’ APPENDIX 4 (Cont'd)
ND THE [YFS ACCEFTANCE OF THAT 2aIFe.] FCC RULE MAKLIG PELATED 70 SSi GUIPMENT
AMD TIE TYFE ACCETT:NCE O TH4T EQUIPMENT

' i

Section 9.178 1s amended vy adding nev parsgraph (c) as follows: '\ ] i . -2 -
g 9-173 Frequencies. (1) ALL ground stations « « « + ¢ o o ¢ o o o ;0 cps
. . . . . (2) ALl aircraft stations . « + « « s « « « « 20 €P8
() The frequency coinciding with the center of an suther- (d) Radar tranmmitters opersted on frequencies sbove
ized bandv1d4th of emission shall be specified as the assigned - 2100 Mc -shall meet the following requirements in lieu of &
frequency; for eingle sideland emission, the cerrier frequency frequency tolersnce: The frequency at vhich maximus emiswion

shall also be specified. occurs shall be within the suthorized freguency band and shall

not be closer than 1.5/T Mc to the upper and lover limits of

In § 9.179, peragraphs (b) and (c) ere deleted and new paragraphs the autihorized bandwidth, vhere T is tbe pulse duration in
(v), (c), ana () are added, as follows: microseconds. '

§ 9-179 Pover. (e) Tolerances other than those specified in this

’ , section may be authorized upon & satisfactory shoving of
* . * * L. need therefore. In such cases, tbe tolerance authorized

(b) Except as indiceted in.paragreph.(c) of this section, may be specified on tbe instrument of sutherization.
the pover authorized for use at any station shall be specified )
in terms of peak envelope power at the transui‘ter output R .181, the tabdble in paregrs ©) end parsgrsph (4).
terminels., Peak envelope power is defined as the mean b ];n $ 9.0, > e (

. ende follovs:
pover during one rsdio frequenc; cycle at the highest crest re am d to read as
of the modulation envelope, £ 5.181 Types of emissien.

(c¢) For ststions using amplitude modulated emission and

’ - ) * »
transmitting both sideLands and a full carrier, authcrized ' (b) ... -
pover vill be specified in termc of ummodulatéed radio frequency .
carrier pover at the transmitter output terminals. :

(d) Pover may be determined either by direct measurement Cless of | Emission : _ _ Autborized B:':d‘dd:‘g e
or by multiplying the plate input pover to the final amilifier Enie H signator . 0 ¥ Aoveedlic.
by an approprieste factor. © 0.1AL ' 0.25 ke PR

o . A2 2.1A2 : 2.708 ke
In § 9.180, the introductory text of paragravh (a) is amendea, A3 I & I 3.0 ke
parsgraphs (c) ard (d) are redesignated (d) and (e), and new Ads 2/ NP2y 1+ bOke o
paragraph (c) is added, as follows: n v 1.7F1 i 1.7 ke R 0
’ n P2 2.5 ke
§ 9-180 Frequency stauility. o P ' L Y

(a) Except for microwcve stetions, for which the frequency 1/ To be specified on the sutherizsticn
stability is specified in § 9.100 end when trensmitiing single 3/ For the purposes of this Part Aa includes
sideband emissionc, the carrier frequency of eash station in single sideband full carrier and single alde-
the Aviation Scrvices siall be mainteined within the applicable band vith carrier suppressed; however, o
following percentege of the assigned frequenc:. with carrier suppressed more than 6 db Jalcs puk

. - » - - envelope power will be suthbrized only on a

(c) When transmitting single eideband emisaions, the developmental tasis except for stations opero‘::;‘
cerrier frequency shnll Le maintained within the applicable izlih: leronautie;]. fixe: ;ewé“éoo‘g: eniss
folloving number of cycles per second of the specified v e authorized only below 25, .

carrier trequency.
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(4) An suthorization to use radiotelephone emission
will be construed to include use of tone signals or signaling

devices vhose sole function is to uublhh or maintain-
voice camumicstions.

s.

s, Section 9.183 (a)(1) end (2) 18 mdcd to read:

§ 9.183 mnteston linitetions. : .

CRIN
(1) Wnen using transmissions other than single sideband (A3s):

(1) on eny frequency removed from the assigned
frequency by more than 50 per cent up to and
ineluung 100 per cent of the’ cuthbrized bend-
width: lt least 25 deeibell. ’

(11) on: uny frequency removed from the u-igmd
frequency by more than 100 per cent up to and
ineluding 250 per cegt of the suthorized bdand-
width: at least 35 decidels. :

(2) When using single sidedand (A3a) trensmtssion:

(1) On eny frequency removed from the aseigned
frequency by more then 50 per cent ap to and
ineluding 150 per cent of the authorized dand-
vidth: at least 25 decibels.

(11) On sny frequency removed from the sasigned
frequency by more than 150 per cent up to and
including 250 per eent of the authorized band-
width: at least 35 decibels.

APPENDIX 4 (Cont'd)
FCC RULE MAKING RELATED TO 33B EQUIPME!
AND THE TYPE ACCEPTANCE OF THAT EQUIPMENT

Bection 9.164 1s revised to resd ss follows:
§ 9.184 Hodulstion requirements.

(s) When double aideband full carrier amplitude
msodulation is used for telephony, the modulation percentege
shall be sufficient to provide efficient comnunication and
shall normally be maintained above TO per cent on peaks
dut shell not exceed 100 per cent.

. (b) When special types of emission are employed, the
modulation requirements may be specified.

{c) 1In order to meset.the requirements for type scceptance
in the Avistion Services, s double sideband full cerrier
suplitude modulated radiotelephone transmitter with reted
carrier pover output exceeding 10 vatts sball be capsble of
sutomatically preventing modulation inm excess of 100 per cent.
In the event that operation of any licensed radiotelephone

tranmmitter causes barmful interference to any suthorized

redio service because of excessive modulation, the Comuission
may require that the use of such transmitter be discontinued
until it is rendered capable of sutomatically preventing
modulation in excess of 100 per cent.

(4) In order to mest the requireménts for typs acceptance

i 1n the Avistion Services, s.single sidsband tranmmitter shall -

e capable of cperation in both of the folloving modes:

(1) WVith the carrier suppressed at least 26 &
belov pesk entvelape pover.
(2) Wvith the cerrier trsnsmitted at a level
detween 3 and 6 &b delow pesk snvelope power.

(e) In eingle sideband operation, the sideband on the
bigher frequency side of the carrier frequency simll be
tranmitted.
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APPENDIX 5

REFERENCE BACKGROUND MATERIAL ON SPECTRUM LIMITATIONS AND

THE RELATION TO THE IMPLEMENTATION OF SSB

NOTE 1: Origin of This Material

The following material was prepared by the ARINC staff (based on an earlier
(1957) technical paper by Ernie Papenfuss of Collins Radio) for reference
purposes during SSB meetings and was originally published in AEEC Letter
65-1-19 on November 30, 1964. Because of an apparent wide misunderstanding
of the spectrum characteristics of SSB transmitters, and the allowance which
must be made in frequency planning, this material was included in the ARINC
Characteristic 533A when published in 1966 and was carried forward into this
Appendix in Characteristic 559 in 1971.

NOTE 2: Relationship to ITU Regulations In 1971

ITU and ICAO do not now (1971) reflect the basic industry planning set forth in
this appendix for the reasons noted in Section 4.2 and 4.14 and explained in
somewhat greater detail in Appendix 7, but it is anticipated that the inter-
national standards will be revised to be compatible with the existing and
planned airborne hardware, probably through the course of action outlined in
Appendix 7.

NOTE 3: Relationship to Future ITU Regulations

The following material has been updated with the publication of ARINC 559A to
reflect the changes in the "Original 'Assumed' Essential Signal Characteristics"
set forth in Appendix 9. Most of the original text of Appendix 5 from ARINC

533 and ‘559 has been included herein because of its historical significance. The
text following the "Fall 1975 NOTE" and indicated by the "¢-Bar" (vertical line)
has been changed as described in that note. This guidance on spectrum liminta-
tions and its relationship to 3kHz HF/SSB channel implementation is intended

for use by both equipment and frequency planners. It applies to the interim

use of 3kHz HF/SSB within the existing (1975) AM frequency plan and the antici-
pated future 3kHz HF/SSB frequency plan.
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THE ORIGIN OF THE "SPECTRUM LIMIT AND SPURIOUS RESPONSE' MATLRIAL ON SSB
TRANSMITTERS IN THE APPENDIX 1 OF THIS CHARACTERISTIC 559.

The detailed material contained in Sections 2.6.1 and 2.6.2 of Appendix 1 "Assumed Essential System
Characteristics for SSB" will be found to be very similar in format to RTCA Paper 146-58/D0 86 pre-
pared by RTCA Special Committee SC-84 on August 12, 1958, but the RTCA work was not the origin of
that particular material. The manner in which transmitter spectrum characteristics are specified

by "frequency people" has always caused a lot of confusion to the uninitiated; however, it has been
the practice for a great many years for the U.S. FCC to specify emission limitations in terms of
"percentage—of—the—authorized-bandwidth—plus-or-minus—with—respect-to-the-center-—of-:hat—authorlzed-
bandwidth". The actual numbers which are prescibed in Section 87.71 of the FCC Rules and Regulations
(See Appendix 4 of ARINC 559A) have undergone many changes through the years but the current word-
ing for transmissions other than "single sideband" reads as follows:

(1) On any frequency removed from the assigned frequency by wmore than 50 per cent up to
and including 100 per cent of the authorized bandwidth: at least 25 decibels;

(i1) On any frequency removed from the assigned frequency by more than 100 per cent up to
and including 250 per cent of the authorized bandiwdth: at least 35 decibels.

Beyond this 250 per cent point the emission is limited by other parts of the FCC Rules and Regula-
tions relating to the harmonic generation, etc. and thus (for airborne transmitters) the spectrum
limit drops to 40 db beyond 250 per cent of the authorized emission bandwidth and remains at that
point on out to infinity. The solid line in the figure 1A shows how this spectrum looks when
plotted in terms of the AEB (authorized emission bandwidth), and which for purposes of discussion
is assumed to be 8 kilocycles for AM and which is exantly twice the original authorized emission
bandwidth of 4 kHz for single sideband transmission. (See the FCC Fules in Appendix 4). You will
note in the Fig. 1A that the first plateau at the minus 25 dB level on both sides of the AM trans-
mission represents the spectrum produced by second harmonic distortion in the modulation process
and the next plateau which is set -35 dB in the solid line sketch of Figure 1A represents third,
fourth and fifth harmonic distortion. The regulation of spectrum characteristics by the FCC in
quantitative terms developed with the advent of the FCC Type Acceptance and Type Approval program
in recent years and it is common knowledge that there could be many transmitters in existence which
won't meet the FCC Rules —— simply because spectrum analyzers were not too generally available in
past years when many of the older AM transmitters were desigmed and most transmitter designers had
no actual knowledge of the spectrum characteristics of their own transmitters!

The FCC rule making on single sideband use originally started in 1957 and the FCC first proposed
making the same spectrum characteristics for AM transmitters applicable to SSB transmitters, in

the belief that when expressed in terms of "percentage-of-auhorized-emission~bandwidth" both types
of transmitters should be describable in the same set of 'words and numbers". This was proven to
be impracticable and the 1961 FCC rule making established the following requirement under paragraph
87.71 with respect to single sideband transmission: (See also the complete next of the FAA rule
making in Appendix 4.)

(1) On any frequency removed from the assigned frequency by more than 50 per cent up to
and including 150 per cent of the authorized bandwidth: at least 25 decibels.

(i1) on any frequency removed from the assigned frequency by more than 150 per cent up to
and including 250 per cent of the authorized bandwidth: at least 35 db.

Obviously, for the reasons given previously herein the rejection beyond the 250 per cent point
must be 40 db on out through the harmonics and on to infinity for airborme tramsmitters.

1f these figures are plotted in terms of "authorized emission bandwidth' as in Figure 1B it will
be seen that the AM and SSB spectrums have a specific difference in that the minus 25 db plateau
extends out further in the SSB case than in the AM case. The reason for this is sometimes missed
by the technical people who are so accustomed to dealing with AM transmission where all of the
harmonic products are extraneous spectrum emission while with single sideband the position of the
carrier has been shifted to near one edge of the authorized emission bandwidth such that the high
order distortion products appear in an entirely different place in the spectrum than the AM trans-
mitter expert is used to seeing --- and yet this has to be taken into consideration in the wording
of the system standards for FCC or for ICAO purposes.

MODERN AIRBORNE TRANSMITTER SPECTRUM LIMITS

It is quite practicable to better the FCC limits with very, very careful control of transmitter de-
sign and construction; however, it will take a lot of careful maintenance to keep the spectrum
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REFERENCE BACKGROUND MATERIAL ON SPECTRUM LIMITATIONS AND
THE RELATION TO THE IMPLEMENTATION OF SSB

limits at a consistent level better than the FCC Rule Making. It is difficult to state just what
performance can be accomplished by existing AM transmitters; however, the dashed lines of Figure
1A show the spectrum limits established in this Characteristic (under Section 4.14) for the spec-
trum characteristics to be met on AM in the event a manufacturer chooses to offer an SSB trans-

mitter with double sideband AM capability. Thus, these limits of Fig. 1A are based on a modern,
carefully designed, airborne AM transmitter developed to SSB standards but used for AM tramsmission.

HOW MUCH BETTER THAN THE FCC SSB SPECTRUM CHARACTERISTICS CAN AN AIRLINE SSB TRANSMITTER BE?

When the ARINC Characteristic 533 was written in 1960 considerable study was given to the spectrum
capabilities of equipment and the figures given in Section 4.15 (specified in Section 4.14 of
Characteristic 559A) were very carefully developed, based on two different customer options of
frequency response. Using the lesser of two bandwidths, and plotting the ARINC-required perfor-
mance of the airborne equipment on Figure 1~B (dashed lines), and assuming that the transmitter
actual bandwidth figure (approximately 3 kHz is just three-fourths of the "authorized emission
bandwidth" (4 kHz) used for plotting the solid line spectrum characteristics of Figure 1-B, a
direct comparison can be made between the expected performance of a modern airborne equipment

and the spectrum conditions which will probably appear as system requirements (They actually did
appear in the 1961 FCC Rules and Regulations.).

Similarly, a comparison can be made with the dashed lines of figure 1-A which gives the corre-
sponding transmitter spectrum from a modern AM transmitter of equivalent quality.

JULY 1975 KOTE

Further information on the additional margin of performance, above the regulatory "min-
imun", recommended in ARINC 559 is presented near the end of this Appendix and in Figure
3B.

WHY ARE THE SPECTRUM LIMITS SHOWN WITH SQUARE CORNERS RATHER THAN IN THE ROUNDED-OFF FORM WHICH
SPECTRUM DISTRIBUTIONS OF VOICE TRANSMITTERS ACTUALLY PRODUCE?

Certainly everyone knows that for either AM or SSB, the spectrum is rounded off not only at the
low frequency end but at the high frequency end as well and that the spectrum characteristics of
a voice frequency transmitter could never be as bad as Figure 1-A or B. But this is only true
with voice frequency transmission!

The knowledgeable manufacturer and systems planner must certainly have been impressed that the
airline industry has long given very careful and hopeful consideration to the use of data systems
on any and all communication circuits provided between air and ground. Initially the airline
industry was not prepared to state with any certainty what limitations might or might not in the
future be applied to transmissions of data and hopefully felt that a transmitter should be
designed which would not have any limitations of any kind (other than duty cycle) thus some rather
stringent test requirements were established in Characteristic 533 and reaffirmed in Section 4,14,
4.15 and 4.17 of this Characteristic 559A. Thus, if tested in accordance with the requirements

in Section 4.14 the spectrum characteristics of the SSB transmitter (or an AM tramsmitter 1f that
is tested also) will resemble the general square shape characteristic modified only to the degree
that the passbound filters cannot have perfectly straight sides. However, it was made abundantly
clear in the wording of the ARINC Characteristic, Section 4.14, that the spectrum characteristics
of the transmitter must be within the boundaries set forth by the square lines (shown dashed) in
the Figure 1B. Certainly present day voice transmission does not utilize the available spectrum
very efficiently but the hope is that in the future whatever systems of transmission are used
(whether voice or data) will effectively utilize the whole 2.5 kHz spectrum and thus equipment
ought to be predicated on this future possibility.

HF AM CHANNEL SPLITTING TO PROVIDE TWO SSB SIGNAL CHANNELS?

Figure 2 shows a composite of the "best AM airborme equipment" spectrum characteristics (taken
from the dashed curve of Figure 1-A) plotted as a solid line in Figure 2 and with the "best SSB
airborne equipment" (taken from the dashed curve of Figure 1B) and plotted in the dashed curve of
Figure 2, to show how a single sideband signal operating in the upper half of a particular channel
will produce a spectrum characteristic which is almost identical to that of an AM tramsmitter.
(The AM signal extends approximately 3 kHz further out on the lower frequency side.) When plotted
in this manner it should be evident that the single sideband signal does take up just one-half the
space of the AM signal (even though both signals are symetrical on both sides and radiate spur-
ious signals following the step-functions as shown) because its spectrum extending on the low
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frequency side is no worse than the spectrum of a corresponding AM transmitter would have been
if its desired frequency spectrum was posit}oned exactly where the edge of the SSB desired fre-
frequency.spectrum was!

The whole key to the success of the eventual channel splitting using integral kHz increments is
contained in the rather innocuous-looking statement under the original sub-paragraph 5b of Section
4.1 of the Attachment D to Part 1 of the ICAO Annex 10 document (see Appendix 1) which states:
"However, in initial implementation planning for the system, 3,000 Hz virtual carrier separation
is necessary in the lower frequency bands for effective utilization of the existing ITU frequency
allotment plan" --—- then still rather innocuously under this paragraph the user is urged by
means of a Note to 'mot transmit more than 3,000 Hertz of sigmal", EVEN THOUGH THE "NECESSARY BAND-
WIDTH" 1S PERMITTED TO BE 4,000 HERTZ. Thus, it is of utmost importance that the ARINC Character-
istic SSB Transmitter produce sufficiently low adjacent channel and second adjacent channel spur-
ious signals to minimize interference after channel splitting has been accomplished with a 3 kHz
carrier spacing. (Of course, it is equally important that the receiver rejection characteristic
be sufficiently good to reject adjacent channel signals, however, the spectrum characteristics of
the transmitter are usually the limiting factor on HF rather than receiver I, F. design, with the
present state of the art in receiver design.)

Following the concept of a technical paper by Ernie Papenfuss of Collins Radio (circulated in
AEEC Letter No. 57-2-1, dated Fedbruary 5, 1957) it can be shown graphically the channel relation-
ship with DSB stations as compared with SSB stations, and the basic intermodulation distortiom
relationships with modern SSB equipment and how operation is limited by the spectrum character-
istics of the transmitter rather than by other factors.

Fall 1975 Note Regarding Figure 3

Figure 3 was originally prepared to illustrate exactly how 3 kHz HF/SSB channels
should be implemented within the then existing AM channel plan. At that time the
AM channels varied in spacing from 7 to 10 kHz (imcluding 7.5 kiz spacing). The
original Figure 3 showed the 7.5 kHz situation since that was the most difficult
to envision.

The updated version, Figure 3A, provided herein shows the regulatory aspects of
how 3 kHz HF/SSB channels will now be implemented in the present 7 khz and 8 kHz
AM channels. The frequency spacing considerations are shown in the horizontal
axis of Figure 3A.

Figure 3A also shows the signal amplitude relationships which must be observed by
frequency planners. These amplitude relationships, shown in the vertical axis of
Figure 3A, are the direct result of the physical parameters of the TRANSMITTER!
These amplitude limits are not in any way related to receiver characteristics.

Figure 3B shows the extended range of signal amplitudes that should be accom-
modated by ARINC 559 transmitters. The difference between Figures 3A and 3B
are the "PERFORMANCE MARGINS" described below.

Although mot illustrated in either Figures 3A or 3B, earlier ARINC 533/533A having the wide (op-
tion 2) audio baseband characteristics, and the consequent spectrum characteristics, will pro-
vide an acceptable level of service in actual operations. Any apparent compromise in quality of
service has been determined by both the airlines and military aircraft operators to be acceptably
small since it involves only a limited portion of the highest frequencies in audio baseband .

The difference in single-to-noise ratio has been estimated by the civil and military users to be
about 1 to 2dB. This difference may in fact, be even less depending upon the audio baseband
1limits imposed by other elements of the system, such as microphone frequency range.

Figure 3A shows how 5594 equipment should operate in an adjacent channel environment where present
(Fall, 1975) ITU/IAARC AM channels are 7 kHz wide and have their centers (amnd thus the presently
assigned AM frequencies) on integral kHz. Figure 3A shows the regulatory requirements for spec-
trum characteristics from an SSB transmitter in the center as "A-Upper Half AM Channel" with the
carrier of that particular transmitter exactly coinciding with the “assigned carrier frequency"

of the AM signal which ordinarily would have operated in that channel. The signal level appearing
at the receiving site is assumed to be "some-number-of-microvolts" established as a reference
value for "zero dB" on the amplitude curve of Figure 3A. This transmitted signal is flanked

on the lower frequency side by signal "A-Lower Half AM Channel” and on the higher frequency side
by signal "Bl-Lower Half AM Channel". The bottom line of the signals "A-Lower Half AM Channel”
and "Bl- Lower Half AM Channel" extend down to the minus 20 dB levels to indicate that signal
appearing in these channels at the hypothetical receiving site (where the desired signal "aA-Upper
Half AM Channel" produces a level of zero dB) must be stronger than minus 20dB level in order

to be at least 10dB above noise and interference generated by the spectrum radiation (minus 30dB
third order distortion) from the signal "A-Upper Half AM Channel". Therefore, the bottom line of
each "rectangle" represents the minimum signal level that can be laid down by that particular
transmission to still be intelligible at the hypothetical receiving site insofar as interference
is concernd from the original signal (A Upper Half AM Channel). The top line of each "rectangle"
represents the maximum signal that can be laid down without that signal producing third order dis-
tortion on the channel occupied by the original signal "A-Upper Half AM Channel". Similarly, the
signals in further-removed channels "Bl-Upper Half AM Channel’ can be permitted to have greater
ranges of signal intensity at the hypothetical receiving station without producing interfering
spectrum troubles and the further-removed channels all have a lesser degree of signal limita-
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tions on them. These latter signals have their lower limits established by receiver noise level
in the ultimate case rather than by spectrum difficulties although spectrum interference could be
the limiting case under certain circumstances.

Even though certain limitations are established on the amplitude ranges of adjacent channel signals
for SSB operation these limitations are no worse than would have been necessary if AM signals were
being employed (of half-the-band-width) as previously explained in Figure 2.

In Figure 3A two SSB signals are shown in channel A. The carrier position of the "A~Upper Half
AM Channel" signal has been postioned exactly on the center of the AM channel (which is an
integral kHz point) and then the carrier of the "A-Lower Half AM Channel” signal in that same AM
channel has been positioned on an integral kHz point exactly 3 kHz below the carrier of the "A-
Upper signal”. This procedure is repeated in each channel starting with the presently "assigned
AM frequency” in the middle of channel, each of which is an integral kHz point.

Once again, the lower SSB signals in each of these two channels ("Bl-Lower Half AM Channel and
"'B2-Lower Half AM Channel”) will have their carriers positioned exactly 3 kHz below the carriers

of signals "Bl-Upper Half AM Channel" and "B2-Upper Half AM Channel, respectively. With frequency
channels C1 and C2 the carriers in the upper and lower halves of the AM channels are positioned
exactly as with the original desired signal in channel A and are repeated like this through that
frequency band.

NOTE -
This implementation is based upon use of the 3 kHz capability of all existing air-
borne equipment, rather than the 3.5 kHz channel spacing recommended by ITU in 1966,
for the reasons stated in Appendix 7.

In other -frequency bands where the spacings are 8 kHz, instead of 7 kHz, the situation is very much
the same as in Figure 3A except there will be a 1 kHz gap in the spectrum between the pair of HF/
SSB "Upper" and "Lower" channels within each 8 kHz AM channel. This results from the spacing be-
tween carriers being four 4 kHz as now specified by ICAO Annex 10, instead of 3 kHz as shown in
Figure 3A. Thus, for the higher ITU AM channels having spacings of 8 kHz, there will always be

4 kHz between adjacent carriers, but in other respects the arrangement of carriers within each

channel will follow the same rules as illustrated in Figure 3. ¢

SPECTRUM GAPS DISAPPEAR IN 3 kHz PLAN

The spectrum gaps shown in Figure 3A (for example, between "A-Upper" and "Bl-Lower Half AM Chan-
nels) will disappear completely after the 3 kHz frequency plan is fully implemented. At that time
the carrier frequencies can be located every 3 kHz throughout the HF spectrum exactly as the pairs
of HF/SSB channels are shown within the present 7kHz AM channels.

PERFORMANCE MARGINS GOBBLED UP BY REGULATIONS

Alrline operators have consistently demanded of the equipment designers additional margins of per-
formance beyond those specified in the regulations. The amount of these margins is discussed
above (How Much Better Than The FCC ...) and illustrated in Figure 1B.

The changes in the "Assumed" Essential System Characteristics described in Appendix 9, if in fact
adopted by ICAO and ITU, will usurp a great amount of these margins, In the case of first adjacent
channels the entire margin is consumed by the changes in regulatory requirements. In second ad-
jacent channels and beyond only portions of the original margins are preserved.

Unfortunately, limitations in technology preclude any significant improvement in equipment per-
formance for the foreseeable future. Thus, the airlines and planners should not blithly assume
a continued flow of hidden benefits to the system and frequency planning as in the past.

The extent to which the users may expect "better-than-minimum" performance is illustrated in Fig-
ure 3B. This shows, particularly after the frequency gaps disappear with the full implementation
of 3 kHz, there is NO margin in the frequency domain. The remaining margins in the range of signal
amplitudes may be derived by comparison with the regulatory limits shown in Figure 3A.

These losses of performance margins will force the operators into more demanding and costly main-
tenance practices. Further compromises must be avoided.
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"APPENDIX 6

REFERENCE BACKGROUMD MATERTAL ON THE EFFFECT OF FREQUEN

TRANSLATTON FRROR 0N AN S§SB SYSTEM COUFORMING VITH THE

SYSTEMS STANDARDS OF APPENDIN 1 AND UTILIZTING AIPRORNL

EQUIPMENT CONVORMING TO ARINC CHARACTERLSTIC 533 OR 533A

The following material contains important reference material developed
under a program of the U. S. Air Force, Rome Air Development Center,
relating to the frequency translation error on voice communications,
and reported to AEEC during the development of the ARINC Equipment
Characteristic No. 533 and circulated in AE:C Letter No, 59-2-12

dated August 31, 1959,

July, 1971 Note:

Although the foregoing assessment of this material was prepared in

1966 for the publication of Characteristic 533A, we believe it is still
true in 1971 that no other data is available as authoritative as this
Montana University study. CCIR is reported to be studying the question
(as every organization likes to make its own analysis of every problem

- before drawing conclusions); yet the papers that we have seen circulated
by CCIR seem to have been based on the same Montana State University
study and, in fact, quote the conclusions of the "ARINC Commentary"
(page 6-3) and the ARINC Figure Q (page 6~4) as the authority for con-
cluding we can all talk on SSB while flying fast:

The following material has not been changed (kilocycles are prevalent
instead of the more fashionable kilohertz) since publication of Charac~
teristic 533A.

July, 1975 Note:

Still no changet
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A controversy has reged for meny, many yesrs over the effect of trsnslstion
error on SSB performsnce. The literature is full of deta, end pseudo dete, but
most researchers were more concerned with qualitative then with quantitative
tests. For exs=ple, one test that has been widely reported involved the flying
of two B-52 sircreft toverz each other while comnunicating together (Yes! they
pissedl). The coxmunicetion wes "good" and this test wes reported by some to
"prove® that supersonic flight would not produce intolersble Doppler shift!

It wes to snsuer some of the many questions quantitstively that the U.S.ALF,
contrscted for tests under controlled conditions to determine the reletion

between the psremeters s) noise, b) signsl level, c) intelligibility, —- es

well as the effect of bandwidth, practice of the communicetors, and meny other ~
fectors which vere believed to besr on the results,

Since the publication of the Montsna Stste University report in 1959, there
heve been only three basic arguments which still are heard sgeinst using the
SSB System yithout AFC st supersonic speeds up to Mesch 3:

1) "It will produce serious inteiligibility problems!®

(mostly by people who have either not heard of, or not studlied the
Montana University Report --—- end which we hope to remedy by making
1t widely svailable herewith).

2) "The Montana Stete University tests were conducted with white noise
inatead of the burst noise which HF circuits encounter end thus,
the results shou far less intelligbility loss then would ectuslly
oceur,” .

(This criticism vas levied sgainst the Report in 1959 but, to the best
of our knouledge it has neither been proven nor disproven, end thus,
we sre inclined to discount it). .

3) "The curves given in Figure 33 of the Montsns University Report show
that e 100 cycle dounvard shift reduces the intelligibility, snd this
means translation error is unacceptsble."

{This latter point is the most common criticism end we believe it
resulte from a feilure of the individusl to csrefully review all
appecta of the Montana University Report.

The reader should remember thet Figure 33 "Selected Intelligibility
Contours® expresses a reletionship between Three Pesrometers, SMR, frequency
error, end intelligibility.

Reference to the "ARINC Figure Q" on a following pege illustrates, by
additions to the originel "Figure 33", the trade-off thst is possible betveen
frequency error end signsl level, keeping the intel)ipibility cpnatart, Thia
WARINC Figure Q" shows that (within the accurscy limitations of the originel
deta) tho effect on intellipgibility of & 100-cycle doynunrd frequency phit{t cap
be sompletely correctad for by almply incremsirg the received alpmel level,
1atirg an axice ann-db powor jncresne ot ke trananjtler. For
shifts of thirty or rifty cycles, which ore moroc probabla, the power increase
needed 1s negligible for good signale end still quite reasonable for poor eigual
conditions, Frequency shifts of 100 cycles in the upuward direction are of no
oohcern whatsosver. .
The Report of the Montane State Universliiy study for the USAF hna sarved as
the bassis for SSB System Standerds (Appendix 1) and Equipment requirements
(Chers. 533 and 533A), nnd ves the basis on which tho Hrussels decision
(October 1964) by AEEC mliminated all further canaideration o! any need for
Automstic Frequency Control for Mach 3 operstion of Suppressed Uarrier SUH gn
¥pico. (The recent developmenia by RTCA Speciel Committees SC-100 a1d SC-110
sorved as the justificstion fot eliminating AFC provisions for Imta operstion),
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[ The KRINC Extract of this USAF Report deletes the sbstract, the table ol

contenta, the list of illustretions, the list of tebles, end the list of
Appendices which appared in the originsl USAF Report on the following peges.

Inateed, starting on the next page, is the ﬁin body of the report, original
peges 1-16, efter which the Appendices, I, II, III, and IV are deleted,
however, Appendix V is retaired in this extract.

A STUDY OF THE EFFECT OF FREQUENCY
TRANSLATIONAL ERROR ON INTERLICIBILITY
'OF SPEECH IN THE PRESENCE OF NOISE

Prepared
by .
Jemes F. Nickerson

Department of Psychology
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Bozeman, Montana
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’ I. INTRODUCTION ;
THE PROBLEN
Interest has twmed recently to the frequancy translational error

experienced in single-eideband radio transmission of speech and in
radio transmission be.tveen high speed Jet aircraft or betveeﬁ aircraft
cn.d ground. The -tnquency translationsal errors thus introduced produce
a serious distortion in speech communication which affects in part some
of the gain resulting from the use of single-sideband systems. The

distox.ion introduced by frequency translation is an unusual type (of

d.i.storti.on)' in that a constant error is added to all component frequencies

thus destroying the harmonic relationship between components of & given

signal. Previous study of the effect of frequency shift on speech is

sapparently quite limited. ' Only two studies were found vhich bear directly
on the problem. ﬁetehri s in 1929, reported an idealized curve of the
function showing a differential effect of upward and downward shift upon
articulation scores (intelligibility) with losses of less than 10{ for
shifts of not more than + 100 cps. The findings were based on nonsense
syllables heard without mi@. A study recently released by RCA2 presents
four curves showing variation of intelligibility sccording to 8/K ratio
wvithin a frequency shift range of ¥ 150 cps. These date were based on
f1eld conditions and are therefore not directly conparable to other
studies either as to signal and noise levels or resultant intelligibility
levels.

ll’leteher, H. Speech and Hearing. Nev York: Van Nostrand, 1929,

2Ruuo Corporation of America, Tactical Single-Sideband Transmission
8tudy. Bignal Corps Contract: DA=30-039-5C- 3, June, 1956.

/,
.
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Data are needed to show the detailed relationship betweén intelli-
gibility and frequency tra.n'shtioml error of speech in the presence of
nolse in order to suggest operational limits where frequency shift is
introduced and likewise to explore the effect of selective filtering
upon frequency-shifted speech. A

' ' II. DISCUSSION

THE STUDY |

The purpose of the present study is to explore the effect of fre-
quency translational error upon the intelligibility of speech in the
Presence of noise. A second part of the study is to explore the effect
of aelective filtering wpon the intelligibility of frequency-shifted
speech heard in noise.

- BQUIPMENT . *

The equipment design employed in the study is shown in Figures 1
through 5 (Appendix I.). A detsiled description of the equipment design
and test facility are to be found in the Report submitted July 13, 1958,
to Rome Air Develomuent Center, Contract AP 30(602)-1818, by I.eslie E.
McCoy entitled “Articulation Testing Facility at Montana State College™.
- EXPERIMENTAL DESIGN.

PART I

Eight subjects with normal hearing were given articulation tests for
each of the combinations of frequency shift and 8/! ratios shown in
Figure 6 (AppendixTI.). All subjects received at least 5 hours of
training undar. representative test conditions prior to the beginning of
the experiment. The 103 test conditions shown in Figure 6 were pnesentei
by means of tape-recording a series _or Wa22 tests, one for each of the
frequency shifts to be used. O/ ratios were varied sccording to demand
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by means of attenuators. The 103 test conditions were then ‘presented

- 4n & random order. A replication of the experiment was carried out with

SN D Sr——

'Y 'nev.x'ecording of W-22 tests and frequency shifts and a second ran-
domigation of the order of presentation of the 103 test conditions.
This procedure afforded 16 test .scorea for each test condition and
nade rusouble.proviuon for the effects of order of presentation,
possible varistion in W-22 lists, and practice.

Su‘.baect: « All subjects .were of college age, either students, or
student wives and included 3 men and 5 women, Selection was made .
romwing two practice periods of 23 hours each during which the sub-
Ject showed acceptable ability to "hear™ the test material under a wide
range of test conditions. 8ubjects were paid on an hourly dbasis for
their work. _

Test Materials. The Central Institute for the Deaf (C.I.D.) W-22
word 1131'.53 were used for test material. These tests were adapted
from the phonetically-balanced word lists (PAL-FB) developed by the
Psycho-Acoustic Laboretory, Harverd University during World War II.

The items of this test are 200 one-syllable words, divided inu; four
lists of 50 words each. The words are heard often and are familiar
words. Each of the four 50-word lists has been."phonetically-balanced®.
There are six different word orders for each of the four lists making
2L tests in all. A 1000-cycle calibration tone at the average level

of the carrier phrases is recorded on each record to permmit easy

3lnruh, I.J., et al. Developmment of materials for apeéch sudiametry.
Journal of Spcech and Heering Disorders, 1952, Vol. 17, No. 3, 328-337T.

Central ITustitute tor toc Deal, (0¢. Louis, Mo.) Auditory test W-22;
Phonetic-Balanced Word Lists. (QNR-Contract Néonr-272, Project No.
KR 142-170, Task Order III). - .

e . SYBEIRIIRG 3 - - -
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calidbration of speech level. Intelligidbility scores represent the
percentage heard correctly, obtained bjr counting up the number of words
correct and multiplying by two. . ‘ .

"All speech materials (W-22 tests) were passed through a 0.3-5 ke
band-pass filter as re-recorded from disk to tape. Random thermal
noio_e wvag passed thx?ugh the same band-pass filter and mixed with the
filtered speech at the levels required by each' test condition. In
each case noise was fed to the earphone at 80 db (re 1 microbar) while
the speech signal was attenuated as necessary to produce the required
8/ x.-atio.“ ’

Test Conditions. The 103 test conditions shown in Figure 6

(Appendix II.) were selected on the basis of extensive preliminary
trials on two subjects and data obtained from eight subJeqts during
preliminary practice sessions. In these early trials an attempt was
made to estimate the range of conditions (combinations of frequeacy
shift and S/N ratio) which ﬁould produce intelligibility scores
ranging between 20% and 95%.

Recording Details. Twelve W-22 tests assigned serially (24, 14,

be, 3¢, 2¢, ...) were recorded one at each of the desired frequency

shifts (-500, =400, ..., +400, +500, +750) with a 1000-cycle calibration

"Attention is called to the fact that all noise recadings were made

on & VIVM which indicated the average value of the noisc signsl.

The meter is calibrated to indicate the rms value of a sinc wvave,
Noise measurcments should be increased by L db to give the true

me value. Speech levels arc buned on readings made on the recorded
1000 cps sine wave reference tone end no corrcction is required.

(Bee footnote 3, page 3, for' further diecussions on opeech level data.)
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tone at the beginning of the tape.”? By this method of recording, the
103 test conditions could be readily presented by playing An.y of the
12 frequency-shifted tests and varying the §/N ratio by attenuator.

Order of Presentation. The 103 test conditions were then pre-

sented to the subjects in & random order.6 s'ix sessions of & hours
each were required.

Replication. To increase the stability of the intelligibility
score estimate for each test condition and to make allowance for
practice effect a replication of the experiment was made. After
assigning a different series of W-22 tests to the 12 frequency shifts
a second tape was cut. The 103 test conditions were then given a new
random order and presented i1n the same manner as before'.

Data Presentation and Analysis. The complete raw score data by

test condition and by subject are presented (Appendix II). Means and
standard deviations of test score distributions are presented in
Figures T through 17 (Appendix V). Smoothed curves for meen values
a.nd_i' 1 standard deviation were drawn to estimate each function under

study and the range of intelligibility to be expected for 65§ of

SWhile this has the disadvantage of employing the seme W-22 test for
each of the S/N ratios for a given frequency shift it was much
easier to administer. On the vasis of the data on the development
of the W-22 tests it was assumed that this procedure would not in=-
fluence the results as the 24 variations of the W-22 tests were all
equated. .

6An exception to the random order of presentation of test conditions
occurred in the prcsentation of "no-noisc™ conditions. The latter
were inadvertently omitted frum the original test plan but the 10
"no-noise" condltions were later assigned u rundom order and inserted
between the 50th and 5lst test presentation and following each fourth
presentation thereafier. In the replication which rollowed, the
"no-noigse”™ conditions were incorporated within the rendom order set

up for all 103 condltions.
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measures taken. Data for each frequency shift and for each S/X ratio
vere grouped for study and plotted. Beveral "intelligibility contours”
were then drawn against the mtemgibiiity scores as mucatéd for
each of the 103 test conditions shown in Figure 6 (Appendix II.). Points
for each of the intelligibility levels (20%, 40%, 60%, 80%, 90%) were
uterpol_abed along :the o;dinates for each of the frequency shifts and
.a smoothed curve ‘sketched to suggest the probable qontour.

. !I.'o estadblish the siénificance of differences to be observed be-
tween the curves presented in Figures 7 through 17 an enalysis of
variance was made of the distribution of data common to the curves for

8/=0, 4, 8, 12, and 16 (See Table k4, Appendix IV). The analysis
- ylelded an F value of 6.58 which was significant at the P = .0l level.
Since signiﬁcance of Aifference was established by the t_ma.lysin
_of variance described above , & series of "t"-tests was made on the
differences between mean scores for four sets of adjacent curves
(8/8 = 20 and 8/N = 16; S/ = 16 and §/N = 12; S/ = 12 and 5/N = §;
B/M » 8 and S/N = 4) Table 5, Appendix IV contains the dats of differ-
ences and the resultant "t" values. Significance levels for the four
‘comparisons ranged as follows: P¢.05» .02, P .001, P< .01, P<.00L1.
* These cample tests were considered representative of the differcnces
to be observed among the data and no further tests were attempted.
Only a limited sttempt was made t0 examine the data further
o *with regard to individual nubJeét differences, mean gains (practice
| effect) from replication, and score variance as compared to celccted
intell{givility levels. The latter analysis wes not considered of
prime izportance to the preseni study and is thercfore not rcported.
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Interpretation. The functions as revealeﬁ by tbhe amoothed curves
of Figures 7 through 17 appear to be consistent with expecta-tion as
based on the earlier work of Fletcher! and on the four cux;ves contained
in the RCA report.8 The curves for S/N « O and S/N = +4 reasonsbly
approximate that of Fletcher in his 1929 report with maximm intelligi-
bility renging from T0%4 - 80%. However, the Fletcher maximum
intelligibility levels are inconsistent with other published studies.
Had his system and method been optimum in terms of studies made in later
years (Hudgins, et.al., 1947),9 (Miller, 1947),1° (Miller ana Licklider,
1950),11 and (French and Steinberg, 1947),12 his maximm articulation
scores should have approached the 95 - 984 range for non-frequency- '
shifted speech. Apparently the lower levels of intelligibility ylelded
in Fletcher's original study were a fumction of the equipment used or
the nature of his test materials (nonsense syllables).

Similarly it ahou;Ld be noted that the data of the present study
confirm and extend those of the RCA study though intelligibility levels
of the present study tend to run from 6 - 20 db above phoae reported in
the RCA study. As inferred above, although the intelligibility levels

of the present study run higher than either the Fletcher or RCA levels,

TLoc. cit. (See p. 1, footnote 1).

8loc cit. (See p. 1., footnote 2).

9Hudgins, C.V., J.E. Nawkins, J.E. Karlin, and S.S. Stevens. The
development of recorded suditory tests for measuring hearing loss for
epeech. Laryngoscope, 1947, 57, 57-890.

lcluller, G.A. The maoking of speech. Psychol. Bull., 1947, 4k, 105-129.

. UMiller, G.A., and J.C.R. Licklider. The intelligibiiity of interrupted

epeceh. J. Acoust. Soc. Aacr., 1950, 22, 167-173.

L2prench, N.R., and J.C. Steinberg. Factors governing the intelligidility
of spocch sounds. J., Acoust. Soc. Amer., 1947, 19, 90-119.
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they are consistent with various other studies cited above. For example,
the work of French and Steinbergld 1s 1llustrative of studies during snd
following the war which show consistently that non-frequency-shifted
speech when presented under otherwise optimum conditions of ﬁlﬁer&ng,
equipment specification, and 8/N ratio will yleld 1nt§mgib1nty levels
of 95% and upward. Apparently the lower intelligibility levels yielded
in both the l"letéhér ﬁd RCA studies were a function of the equipment or
test materials employed. The Fletcher study was performed some 30 years
‘o,go on equipment long since superseded and with specially prepared test
materials not well described in the report. Speech and noise levels
mciﬁ..ed in the RCA study were based on field-recorded material and

vere arrived at by an unusual and atypical method of estimate. Therefore,
such inconsistencies as observéd between present data and the two most
' closely related studies are to be expected.

) Upon examination of the standard deviations of the score distri- -
butions it 1s interesting to see the expected vi;iening of "error"

emong individuals as intelligibility deteriorates and to see the decrease
of "error" under optimum conditions. )

The non-symmetrical nature of the curves when one compares upward

and dowawerd frequency shift, particularly in the mid-range of 8/X

ratios could probadbly have been anticipated in terms of the concept of
"pitch-distance”. For example, an octave upward from & given reference
tone represents twice the frequency of the octave downward, yet the
“pitch-distance® is still an octave. From this fact one would anticipate
that vhen the fimction of intelligibility of frequency-shifted speech

in the presence of noise is plotted with frequency shift indicated on a

1310¢. eit. (Bee p. 7, footnote 12).
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- linesr scale, the curve for the downward shift would' have a much sharper
deflection than for upward ehift, perhaps twice the rate of élgnge.

The "intelligibility contour" estimates ; while admittedly only
approximations, do yleld useful estimates of tolerance of both rrequéncy
shift and S/N retio rqi' communication mka. requiring certain minimm
levels of _hmtemgiﬁility. .For example, a comunicationA net requiring .
& minimm of 60% intelligidility (based on monosyllabic words such as
used in the W-22's) could, for example, describe its tolersnce limite
from -200 to +300 frequeacy-shift with S/N ratioe of O or more. Or
similarly, one could state that frequency errors or- 400 would demand
B/N ;'stioa of 48 or more. If S/N ratios were +12 or better frequency
shifts of 3500 would be satis;tactory.

Lastly the rav data deserve some comment. Unusual variations
between subjlects and among pertéma.nces of the same subject are to‘be
noted. Marked individuel differences and individual varience are
evident. .

It should be mentioned again that these subjJects were not highly
- trained for this skill and could, in fact, be classed as "naive"
subjects relative to this skill. Practice sessions were in most cases
limited to two 2§-hour sessions, admittedly not enough to negate practice
effect.

Part of the variations ca.h be attributed to weaknesses in the W-22
test materials. The original recorfla are not well recorded, the tests
are tedious and time conouming, and motivation is difficult to maintain ,
at best. When intelligibility levels are low it is readily possible :
for ‘"blocks” to bo set up or for & listener to lose his "set" to hear.

IR, RO o e em———— oo - -
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These and other factors can .sccount for the marked variations to be
observed. .

However, in spite of the marked indiyidual veriance the dats
of means shov quite sharp contrssts from condition to condition. Had
these contrests not énerged 1t would have necessitated rejection of
the data of Mﬁmmls showing too marked variance {n repeated per-
.tox?nsnce or in comparisons to the rest of the group. -All of this
suggests that we may have even firmer confidence in the smoothed .curves
vhich have been drawito indicate the fumctions under test.

PART II. |

The application of selective filtering to frequency-shifted speech
4n the presence of noise is designed to explore the influence upon
{ntelligibility of band-passing both the noise and the sigoal. Since
little 18 to be gained from varying bandwidth when intelligidility is
‘already high, sample conditions to be explored in Part II were chosen

. from among test conditions which in Part I of this study ylelded ‘
intelligibility scores renging from 75% downwvard to 35-306, e.g. in
the mid and lover renge of intelligibility.

Nine subjects were given articulation tests for each of four
frequency shifts, four 8/N ratios, and four band-pess filter conditions
making 64 test conditions in all. The 64 test conditions were .pre-
sented in rendom order each vith s different W-22 word list vhich vas
assigned in serial order prior to randomizing. A replication of the
experiment was éurried out by re-recording the spcech materials with
_another serial ordor of W22 word lists and presenting the test

conditions in reversc order to that of the first presentation. This



ARINC CHARACTERISTIC 719 - Page 107

- 6~16 -
APPENDIX 6 | . |
c -MONTANA S
ERL-NSC e 1n
afforded 18 teat scores for each test condition and mide.anovmee for
" the effects of order of presentation, possidble variation of W-22 word
lists, and practice. .
Subjects. The subjects were chosen as in Part I on the basis of
performance in a two-session practice period. The ﬁubJects included 3 .
men and 6 women all but two of which were of college age. The two
exceptions were upper-class high school students dboth of whom are radio.
"h:m". Only three of the 9 subjects were subjects in Part I.

.Test Materials. (See Part I above)

Test Conditions. The combinations of frequency shift and 8/N ratio

vere selected from the data of intelligibility contours of Part I,

Figure 33, (Appendix V.). Four representative frequency shifts were
selected (-400, -200, +300, ¥500) and four 8/N ratios were chosen for

. each frequency shift to cover an intelligibility range from approximately
75% downward to 25%. (See Figure 33, Appendix V.)

Each of these 16 combinations was presented ugder four different
filter conditions (0.3-3 ke, 0.3-5 ke, 0.5-3 ke, and 0.5-5 ke). These
conditions were chosen to represent normal band-pass operational procedure
(0.3-3 kc), the same as was employed in Part I of the study, and three
other combinations which either reduced the lower portion of the spectrum
by 0.2 kc or extended the upper portion by 2 ke, thus permitting comparisons
of the influence of these portions of the spectrum on frequency-shifted
speech.

Recording Detail. B8f{xteen different W-22 tests, onc tof each of

the combinations of frcquency shift and filter factor, were recorded on {
a single tape with a 1000-cyclc calidbration tone. Care was taken that

00 word list or word order was repested for sny of the 16 conditions.
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8/M retic vas altered by attenuator as esch test condition was presented

in ite random sequence. The thermal noise was given the appropriate

band-pass filtering to conform to the recorded test condition in the

final Presentation. Table 1, (Appendix II), shows the ﬁest combinations

and W-22 word lists ag assigned for the first presentation as well as

the replication which followed.

O;der of Presenta.ti.on. The 64 test c;>nd1tions wert;: essigned a

"mdan order and presented to the subjects in three 2§ hour seasions.

Replication. As in Part I the experiment was replicated by pre-
raring a new tape using the same frequency shifts but a new serial order
of W-22 tests (S8ee Table 1, Column IT, Appenaix IO). The 64 conditions
were then nresented in reverse order to that used in the first pre-

.Alenution thus ma.king &n appropriate allowance for practice effect
vhen averaged with the scorés of the firet preaentatibn.

Data Presentaticn and Analysis. Raw score dats and meens are

Presented by test condition (Appendix JI). Means of test score distri
butions for each test coudition‘are Presented in Pigures 34 « 37,
(ppenaix ). Smoothed curves for mean velues are presented to aho;w
camparative effects of filtering upon i.ntel.ugihility for esch of the
four frequency shifts.

No further analysis of the dnta was att'empted since the data of
Part II were gathered primgrily to offer suggestive clues concerning
the effects of filter factors o.n frequency ghifted speech.

Integmta.tiono. A series of comparisons of the intemgibil.lty
turves yielded dby the four band-pass filters yield the following
possibilities;
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The commonly used 0.3-3 kc band-pass filter affords consistently
higher intelligibility scores than .any of the others used in this study
for frequency-shifted speech in the presence of noise. Intelligidility
levels were up to 10% better at the more favorable S/N ratios and se
much as 40% better when S/N ratios were marginal. |

Limiting the lower edge of the "speech spéctnm",lh (using 0.5 kc
.high-pase filter), coﬁsistently reduces intelligibility. If, as the data
suggest, 0.3-3 ke is an optimum band-pass then cpsrigona of the seversl
filter variations against the 0.3-3 kc band-pass can be useful. Use of
the 0.5 kc high-pass consistently reduced intelligibility whether one
compares 0.5-3 ke with 0.3-3 kc or both 0.5 kc high-pass systems with \
.both 0.3 kc high-pass systems.

Similarly, extending ‘the upper edge of the "speech spectrum” (using
the 5 kc low-pass filter) reduces intelligibility in all cases whether .
one compares 0.3-5 ke with 0.3-3 ke or both 5 kc low-pass systems with
doth'3 ke low=pass syaiems.

The combination of the two above conditions, limiting the lowver edge
of the "speech spectrum” (using 0.5 kc high-pass) and extending the upper
edge (using 5 kc low-pass) consistently yielded the lowest intelligibility
of the four filter combinations under compa.risén.

Extendiné the upper edge of the spectrum to 5 kc appears to be more
deleterious to speech than limiting the lower edge to 0.5 kc only where

speech is frequency-shifted downward 400 cpa. At all other shifts there

1hgee discussions in Miller, G.A., Loc. cit. (See p. 7, footnote 10).
0.3-3 kc contains roughly 90f of all speech information.

B el ad
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is little or no difference between these two variations of the spectrum.

Conversely on speech frequency~shifted downward 40O cps, limiting
the spectrum at the lower end with an 0.5 k¢ high-pass appears .to reduce
intelligibility less than does the upward extension of the spectrum to
5 ke. |

- Hone of the above interpretations can be made firm from these data.
They are offered only as clues to the use of filters in communication
. nets subject to frequency translational error and are suggestive for
further stﬁdy.

| * III. CONCLUSIONS
PART I.

Frequency-shifting of speech in ‘the presence of noise produces
marked deteriorsiion of intelligibility dependent upon direction and
extent of the frequency shift.

Downward frequency shifts produce greater deterioration in
intelligibility than do upva.rd shifts.

As listening conditions deteriorate the toleradle amount of
frequency-shifting is reduced.

For optimum listening conditions (S/N ratio = 16 or more) frequency-
shifting upward 400 cps or downward 300 cps appear tolerable for most
communication requirements (intelligibility levels of 85% or more).

For everage listening conditions (S/N ratio ®= O to 8) frequency
shifts of +200 or -100 appear to be the tolerable maxima for normal
communication requirementa (lntelligibiuty levels of 70% or more).

For poor listening conditions (S/N ratio 3 O or less) shifts of

more than 100 cpa are unsatisfactory for normal communication (intelli-

gibility levels ¢ 60%).



-
«

B

ARINC CHARACTERISTIC 719 - Page 111

- €-20 -
APPENDIX € : Lo
- ARINC EXTRACT OF USAF-MONTANA STATE COLLEGE REPORT .
ERL-MSC C 15

PART II.
. The 0.3-3 ke band-pass filter appears optimm for freq\;ency-

shifted speech.

Removing the lower portion of the 0.3-3 kc spectrum by means of & ot
0.5 kc hi-pass filter reduces intelligibility of frequency-shifted .
speech.

Extending the 0.3-3 kc spectrum by use of a 5 k¢ low-pass filter
rednces‘:inteutgi'bi.uty of frequency-shifted speech.

Both removing the lower portion of the 0.3-3 ke spectrum and ‘ex-
tending 1t ypward to 5 ke produces the maximum deterioration in intelli-

gibility of the filter conditions umder study. ‘ \

ERL-MSC | 16
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APPENDIX 7

BACKGROUND AND ANALYSIS -—— FREQUENCY PLANNING
vs. EQUIPMENT PLANNING -- 1955-1971

ORIGINAL NOTE:

This Appendix was prepared by the ARINC staff in July, 1971 when publishing ARINC
Characteristic 559 in Gray Covers. The motivation was the renewed evidence of continuing
"unwareness” by some systems planners and frequency planners, concerning the historical
background which so firmly had shaped the early airline industry planning for SSB operation.
This seemed to have been forgotten in the ITU Conference of 1966, in which the airline
" industry's carefully worked out plan for evolving into an exceedingly efficient and effective
future use of the Aeronautical HF Spectrum was lost in the rush to solve some interim
problem.

It is the purpose of this Appendix to again point out the right direction for the planning to go
and how it can best be redirected toward that end.

JULY, 1973 NOTE:

Appendix 7 has been retained, with only a few minor editorial changes, from ARINC 559 to
complete the historical perspective of equipment and frequency planning. The basic
transition process suggested in this Appendix is still applicable. Although the growth in
communications has temporarily slowed in recent years (due to the introduction of wide-body
aircraft and other factors), the increasing need for HF communications is expected to
continue for many years into the future. Thus, the frequency and equipment planners must
work in concert to fulfill their mutual obligations in meeting the industry's needs.
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The knowledgeable airline operators and airborne equipment designers are well aware of the insistence by the airline
industry on certain design features for Characteristic 333 airborne HF/SSB equipment which have been carried over
into this Characteristic 359 which would seem to conflict with frequency planning principles implied by the 1966 ITU
Conference. Specifically, as explained in Section 4.2, the airline industry has refused to accept any other than unit-
kHz frequency increments despite the implications in ITU Regulations that half-kHz increments would be appropriate
in the future. Secondly, the airline industry has consistently insisted on tighter spectrum control of transmitters
(Section 4.14) and better receiver adjacent channel rejection (Section 4.2¢ and §.30), than required by ITU, due to
operational and economic advantages. The basis of the AEEC decisions of the late 1950s, which have been carried
forward in all hardware designs, despite some temporary disparities with ITU planning principles, has been the airline
belief that spectrum needs of the future will dictate, sooner or later, a demand for the minimum HF channel widths
and closest practicable spacings. The airlines predicted in the mid-1950s (and have seen no reason to revise today) that
channel widths (and spacings) will end up at € kHz for AM and 3 kHz for SSB. The airlines were convinced a decade-
and-a-half ago (IATA SSB Compatibility Meeting, Montreal, November, 1933) that the most important technical

in SSB equipment design were those that must be specified to ensure compatible operation on any and all of
the existing (ITU dix 26) channels, and most particularly, the 7 kHz-spaced channels. The airlines, theretore, (in
that IATA Mee acknowiedged, and stated their insistence upon, a hardware capability for operating two SSB
channels within that 7 kHz bandwidth and using only unit-kHz frequency increments. The means of accomplishing this
objective by the use of alternate 3-kHz and 4-kHz SSB channels in those 7-kHz AM channels was internationally
accepted and documented by the ICAQ 5th Comm. Div. meeting of 1957 as Attachment D to Part 1-Section 4.1 of
Annex 10 to the Convention on International Civil Aviation. This became the basis for the ARINC Characteristic 533
and was accepted by set manufacturers as the basic design premise from that date on. :

But although the 1966 ITU Conference should have been aware of these factors, and the prior ICAO planning, that ITU
Conference took a ditferent route-—for reasons that remain obscure even today (1971). The ITU Conference attached
considerable importance to the “unitizing” of their new HF frequency plan (ITU Appendix 27 channels) and succeeded in
eliminating all half-kHz frequency channels. Although the then-existing (Appendix 26) frequency plan had employed
channel spacings of 7, 7.3, 8.5, 9, 9.5 and 10-kHz, ITU establishéd only two spacings for the new Appendix 27 plan: 7
kHz below 10 mMHz and 8 kHz above |OMHz. The 7-kHz AM channels don't divide evenly into unit-kHz SSB channels as
they would have if $§ kHz had been selected (this would have wasted channels) or if 6 kHz had been selected (not all
present AM equipment could accommodate this close spacing). But after "unitizing" all of the AM channels, ITU
prescribed a future subdivision of each 7-kHz AM channel into two 3.5-kHz SSB channels in the naive belief all
airborne equipment could undoubtedly accommodate half-kHz increments. Apparently the frequency planners were
unware of the users' reason for rejecting the half-kHz increments: it was to avoid the cockpit confusion of an extra
(unnecessary) trequency selector digit-—not the extra cost and complexity of the hardware. (Note that an HF set must
be capable of selecting over 20,000 discrete frequencies--—-with four knobs---in order to accommodate the relatively
few operating channels. The industry is unwilling to double that 20,000 number when no technical reason exists.) The
users were well aware of the military procurement of some airborne equipment (for special applications) having half-
kHz, quarter-kHz, or even tenth-kHz frequency increments. But, even after the 1966 ITU Conference decisions, the
airlines were unwilling to acquiesce to an improper and unsound ITU decision predicated on improper technical
planning; thus, in planning for the ICAO Meeting later that year (Fall 1966), a number of State delegations were
briefed by their National airlines in the hope of reversing, or at least “re-interpreting,” the ITU decision then only a
few months old. But it became evident, notwithstanding strong technical arguments presented by the U.S. and other
delegations, that it was not in ICAO's province to reverse, in October, 1966, a 1966 ITU decision.

As stated under Section 4.2, AEEC endorsed, in November 1966, following the ICAO and ITU Meetings, their earlier
decision on unit-kHz increments. In 1970 at the time of approval of Characteristic 539, AEEC again endorsed the
same unit-kHz increments.

But that 1966 ICAO Conference, itself, suggested the solution to the problem. Although ICAO was unwilling to suggest
reversing an ITU decision (that problem should be left to ITU), a possible course of action, by aviation (aithough not
recorded in the official report of the meeting) was, presented to the ICAO Conference by a member of the ITU
Secretariat, Mr. J. Gracie, and seconded by numerous States' Delegates. The course of action outlined was rather
general, but one that made proper use of an established procedure traditionally used for accommodating special
problems of this nature. We believe the general solution proposed would embrace the following steps, to be taken
when, and as required:

1)  Noting that the users have no problem with introducing SSB on the upper halves of either the (then existing)
Appendix 26 channels or the future (effective 1970) Appendix 27 channels in the manner prescribed by ITU (ITU.
No. 27/71 G), the earliest that a problem could exist would be the first date on which lower-halves of Appendix
27 AM channeis ware desired to be used for SSB. [t was noted that there might even be another ITU Conference
which could reconsider the matter before the airline implementation had proceeded. But in the meantime
{probably for many years) there was no ITU (or ICAO) problem.
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It and when certain AM channels had been converted to exclusive SSB operation over a sutficiently large portion
of the globe, aviation might, only then, consider introducing SSB operations into the lower haives of those AM
channels. As such a step must be coordinated throughout aviation (through ICAO Divisional and/or Regional
agreements) to avoid disruptions of (or interference to, or from) existing AM operation by aviation services on
these channels, that same agreement might, logically, establish, under the long-standing authority granted by ITU
Article 3 Nos. 113, 114 and 115, (See last page in this Appendix 7) the exact frequencies to be used for the lower-
half channel SSB operation when implemented. As this abridgement of ITU conclusions would be necessary only
for frequencies below 10 MHz (above 10 MHz the channel widths are 8 kHz), and as the frequencies in question
would be few in number, and exclusively assigned to aviation, and as the overriding provisions of ITU Nos. 27/67
3.8.1 and 27/68 3.4.2 will have been properly complied with, the only abridgement of ITU Rules would concern
Nos. 27/70 b), 27/71 ), and the included table and Note 3 (See Appendix 1-B of this Characteristic 539), which
aviation has the option to do in conformity with the ITU General Rules cited.

Assuming that Step 2 has been satisfactorily implemented by aviation with ICAO acceptance, the subsequent
bringing into line of the ITU regulations would follow as a logical extension of the (prior) acceptance by States'
aviation officials of the principle. :

But yet an even more significant step, long envisaged by the airborne equipment planners could, conceivably, be
taken before, if not simuitaneously with, or at least subsequent to, the action of Step 3: If and when the
expanding use of SSB equipment will have generated sufficient momentum, in the retirement of obsolesent AM
equipment, either ICAO or ITU could decide to introduce universal 6-kHz Am channel widths throughout most if
not all of the HF aviation bands. This would not only gain more channels but would provide a better match

the capabilities of carefully designed modern airborne hardware (in accordance with design precepts
estalished in the IATA Meeting of 1933) and the vanishing radio spectrum.

Thus can be seen the importance of careful attention by users and manufacturers to the design factors established

many years ago by the users and systems planners. These are necessary to ensure proper and satisfactory operation in

an environment in which 3 kHz-spaced channeis are inevitably to become standard, throughout the aeronautical HF

bands, rather than being simply the temporary expedient it had appeared to be when ARINC Characteristic 533 had

ss?_dﬁed this capability in 1960 to facilitate what was envisaged to be a complex and lengthy transition from AM to
operation. ° '
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NOTE: !

reflect the HF/SSB implementation plans dis-
cussed in the staff analvsis presented in

]
|
This page from Annex 10 has been marked-up to
i
' Attachment 7.
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EXTRACTS FROM ICAO ANNEX 10

(See Sections 1.7, 4.2 and 4.14 of this Characteristic for
significance of this material.)

The attached ICAO standards and Recommended Practices (SARPS)
followed as a natural consequence of the 1966 ITU decision to
plan for eventual half-kHz channel increments, but neither the
ITU nor ICAO standards reflect actual aviation industry plan-
ning and equipment implementation as noted in this Character-
igtic, Sections 4.2 and 4.14. A detailed staff analysis and
explanation of why the airline industry does not find these
ITU and ICAO planning principles acceptable is given in Ap-
pendix 7, along with a probable course of action to redirect
the ICAO and ITU planning.

NOTE: Original ICAO Annex 10 Material on SSB

The original "'green page' guidance material on SSB
developed by an ICAO Comm. Div. meeting of 1957,

based on airline industry planning principles devel-
oped in the 1955 IATA SSB Compatibility meeting has
considerable historical significance (in view of the
controversy still brewing over the planning principles!)
and is reproduced on the second page of Appendix 1.

JULY, 1975 NOTE: FUTURE CHANGES

The extracts from ICAO Annex 10 reproduced herein
remain in effect as of December, 1975, but changes
will be needed to properly reflect 3kHz Frequency
Spacing. Needed changes in the '"assumed" Essen-
tial System Characteristics (Appendix 1) are set
forth in Appendix 9.

—————— . ——
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ing frequency o
ontrol station accordingly

mally wmade
when drawing up plan.

technigques (cf. 4.2) should be used.

411,—Single Side-Band (SSB) HF
Radiotelephone Communication
System Characteristics for Use
in the Aeronautical
Mobile Service

4.11.1 The characteristics of the
air-ground HF SSB system, where used
in the Aeronautical Mobile Service, shall
be in conformity with the following
specification :

4.11.1.1 Frequency range.

411.1.1.1 HF SSB installations
shall-be capable of operation at any SSB
reference frequency available to the Aero-
nautical Mobile (R) Service in the band
2 MHz to 22 MHz and necessary to meet
the approved assignment plan for the
Region(s) in which the system is intended
to operate, and in compliance with the
relevant provisions of the ITU Radio
Regulations.

Note 1.—See Introduction to Chapter 3,
Part 11 and Fig. 4-1.

Note 2.—The Extraordinary Adminis-
trative Radio-Conference (EARC), Ge-
neva, 1966, established a new Allotment
Plan (Appendiz 27 to the ITU Radio
Regulations) which provides for the fol-
lowing channel wutilisation:

times of change of

ating conditions, and
of stations in the

34 Channel utilization.

27/67 34.1 A station using single side-
band emissions shail be con-
sidered to be operating in
accordance with the Allotment
Plan if the necessary band-
width is confined within either
the upper or the lower haif
of the channel provided for
double side-band emissions;

68

time indicated
control stali
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27/68 3.42 Subject to the provisions
of No.

27/12* and to the
following conditions, a_station
using single side-band emis-
sions may operate either in the
upper half or-in the lower half

a double side-band channel
designated by its centre fre-
quency in the Allotment Plan;

when operating in the upper
half of the channe], the station
shall use upper side-band
emissions with the carrier at
the channel centre frequency
listed in the Allotment Plan;

equipment capable of operating
only on integral multiples of
1 kHz shall be restricted to the
upper halves of the channels
listed in the Allotment Plan,
when operated in channels

having a width of 7 kHz;

when operating in the lower
half of the channel, the station
shall use upper side-band
emissjons with the carrier at
the following value below the
channel centre frequency listed
in the Allotment Plan:

27/69 a)

27770 b)

27/71

Carricr
(reference) frequency
relative to
centre frequency
of channel

Band

2,3 456
and 8 MHz
10, 11, 13

and 17 MH:z

3500 Hz below

4000 Hz below

Note 3.—It is recognised that Regions
may assign the lower half of the channels
allowed by the ITU Allotment Plan (Ap-
pendiz 27 to the ITU Radio Regula-
tions). Accordingly, ground and airborne
installations operating in such a Region
would be required to have 500 Hz chan-
nelling capability below 10 MHs. How-
ever, those ground and airborne iusialla-
tions which had no requirement to operate
in such a Region, or no requirement lo
operate below 10 MHz, would require
only a 1000 Hz channclling capabhility.

Note 4.—It is also recognised that,
during the currency of the HF Allotment
Plan contained in Appendix 26 to the
ITU Radio Regulations, and pending the
bringing into force of the yevised Plan
contained in Appendix 27, equipment
having only & 1000 Hsz chanuclling capa-
bility may operate on frequencies 0.5 kHe
belot the channel frequencies when thesc
end in half kiloherts.

* Provision 27/12 stipulates that the use of -
channels for the various authorized classes of
emission will be subject to specific arrange-
ments by the Administrations conce
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".'.-" case of :::’-iu cransaissiocn
Fig. 4-1. — Required side-band attenuation characteristic
41112 Side-band selection. i) 3.5 kHz lower than the DSB lation shall be capable of operation in
carrier where the latter are spaced the full carrier mode (A3H) in addition
411121  The side-band transmitted at 7 kHz; to AJ.

shall be that on the higher frequency
side of its reference frequency.

. 41113 Reference frequency.
411.13.1 The SSB reference fre-
quency :

a) in the higher frequency half of a
DSB channel, shall be that of the
DSB carrier;

b) in the lower frequency half of a
DSB channel, shall be:

i) 4 kHz lower than the DSB
carrier where the latter are spaced
at 8 kHz.

Note.~See also -Attachment
Part 1.

41114

4.11.14.1 The system shall operatc
in the suppressed carrier mode (AJ]).
Where communication is necessary with
installations designed oaly for DSB
reception, or where SELCAL is employed
as specified in 4.8 of Part 1, and when
DSB emission is not provided, the instal-

69

D 1o

Carrier mode.

Note.—~Current 1T Radio Regulations
require a minintum of 26 dB carrier sup-
pression with respect 1o peak envelope
power in Mode A3J.

+11.14.2 RECOMMENDATION. —
Ground installations should be capable of
H) dB carricr suppression with respect
to pcak curclope power.

4.11.1.5 Frequency tolerance.

411.1.5.1 The basic frequency sta-
bility of the transmitting function in
the A3] mode shall be such that the

23/574
No. 52
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difference between the virtual carrier
of the transmission and the SSB reference
frequency shall not exceed :

—20 Hz for airborne installations;
— 10 Hz for ground installations.

411.1.5.2 The basic frequency sta-
bility of the receiving function shall
be such that, with the transmitting
function stabilities specified in 4.11.1.5.],
the overall frequency difference between
ground and airborne functions achieved
in service and including Doppler shift,
does not exceed 45 Hz. However, a

greater frequency difference shall be
permitted in the case of supersonic
aircraft.

4.11.1.6 Spectrum  limits. In a

single side-band A3H or A3} transmis-
sion, the mean power of any emission on
any discrete frequency shall be less than
the mean power (Pm) of the transmitter
in accordance with the following :

—on any frequency removed by
2 kHz or more up to 6 kHz from the
assigned frequency: at least 25 dB;

—on any frequency removed by
6 kHz or more up to 10 kHz from the
assigned frequency: at least 35 dB;

—on any frequency removed from
the assigned frequency by 10 kHz or
more :

a) aircraft stations: 40 dB;
b) aeronmautical stations:
43 + 10 logw Pm (watts) dB.

Note 1.~See Fig. 4-1.

Note 2.—For promulgation pu;fo:u
and cntries in appropriate Regional Plans,
the frequency to be used and published
shall be the SSB reference frequency.
For specific purposes related to IFRB
registration which, according to ITU
regulations, must be stated in tersms of
the “assigned frequency”, this must be a
frequency equal to the SSB reference fre-
gquency plus 1500 Hs. For further gui-
g,am'c.l see Fig. D-1 of Attachment D to
art .

41117

4.11.1.7.1 Ground installations. Ex-
cept as permitted by the relevant pro-
visions of Appendix 27 to the Radio
Regulations of the ITU, the peak en-
velope power (PEP) supplied to the
antenna transmission line of a ground
installation for AJH and A3] emissions
shall not exceed a maximum value of
6 kilowatts.

17/6/74
No. §4

Power.

4.11.1.7.2 Airborne installations.
The peak envelope power, supplied to the
antenna transmission line of an airborne
installation for AJH and A3] emissions,
shall be limited to a value that will not
cause harmful interference to other
stations using frequencies in accordance
with the technical principles on which
the ITU Allotment Plan (Appendix 27
to the ITU Radio Regulations) is based.

Note.—It is intendcd that, in the appli-
cation of 4.11.1.72, the maximum peak
envelope power of am airborne installa-
tion would not cxceed a nominal figure
of twice the value of 300 watts specified
;’n'_Appcudix 27 to the ITU Radio Regu-
afions,

4.11.1.8 Method of  operation.
‘Single chanunel simplex shall be employed.

paragraph in

When the 7-unit
used, each ch

.12.1.2.3
4.12.1.2.2 are applied

cter sets, the

Volume 1

00 bits/s
2400 bits/s
4 800 bits/s
9 600 bits/

4.12.2.2 OMMENDATION..

signalling
follows:

should be cho as

siynalling  rat

follows:

Frequency
Frequency

dation does not
'ground-ground ex-

nsfer of air-ground data,
such circuits may be ¢
part of the air-ground lin

sively for the
inasmuch
sidered

12.3.-DATA LINK APP

4.12.3.1 The' foll
shall apply to the data Ji

g descriptions
application:
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4.—Single Side-Band (SSB)
HF Radiotelephone Communication

4.1 When reviewing the HF
en-route communication element of ICAO

- Regional Plans, careful consideration

standard of the existing service is not
degraded during the transition period,
during which the two types of modulation,
DSB and SSB, will coexist.

4.2, It is recognized that a
sudden universal change to SSB from
DSB HF/RTF is impracticable and that
uniform progress towards SSB operation
is as unlikely between Regions and with-
in Regions as between international and

Volume 1

because all HF operations in the Aero-
nautical Mobile (R) Service must be
contained within the one frequency
allotment plan in the current Appendix
to the ITU Radio Regulations, the
coexistence of both DSB and SSB
systems must be accepted for some
time. As, in practice, this will result in
stations equipped for SSB being required
to operate in an environment of stations
equipped for DSB, or vice versa, a

should be given to ensuring that the national HF/RTF systems. However, problem of compatibility arises.
lrf 7 KHs »le 7 kHs >|1
DSB carrier DSB carrier DSB carrisr
frequency frequency {requency
. DSB channsl
fm
fe e~ 3 kHz —ppa— 3 kH 3z —+
fe— 3. 5 kHz —» .
be— 3 kHz
/I fm /] / /I
- Te T ss ssB ssB sSB ss
(cnrr?nt) {carrier) (carrier) (carrier) (eur?or)
reference reference | reference reference reference
{requency {req Yy frequency frequency frequency
2 1.5
sSB kHz ' kHz
assigned
{requency
k- 8 kM3 —% 8 KHs :
DSB carrier DSB carrier DSE carrier
frequency frequency {requency
/l QP
lc— 3 kHz —ppe—3 kHsz —
h—— 4 kHg ——n
A L A
ssSB SSB SSB §SB $SB
{carrier) (carrier) (carrier) {(carrier) {carrier)
reference reference reference reference reference
frequency frequency {requency frequency frequency
2.5 —l 1.5 l
SSB
assigned kHz ~ kHsz
{requency

Fig. D-1.—DSB and SSB channelling with 7 kHz and 8 kHz DSB channel spacings,
as defined in the Final Acts of the ITU EARC

23/s/74
No. 37
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43 The compatibility problem
can ‘be overcome, in any particular
Region, by at least two methods. The
first, which amounts to its avoidance,
consists of segregating the systems by
frequency planning and, wherever possi-
ble, specific channels should be reassigned
to SSB. Alternatively, and recognizing
that aircraft can seldom be restricted
in their operations to any specific area or
route, full carrier SSB (A3H) could be
used as an interim arrangement capable
of affording compatibility. The second
sentence of 4.11.1.4.1 of Part | is included
for this purpose only, as it is recognized
that the full advantages of SSB operation
will not accrue until conversion to the
Standard mode (A3]) is completed.

4.4 The following considera-
tions are intended to assist planning for
the introduction of SSB:

a) To comply with the regulatory
requirements to avoid interference,
the necessary bandwidth of a SSB
emission has to be confined within
either the upper or lower half of the
channel provided for DSB.

b) A station using single side-band
may operate either in the upper half
or in the lower half of a DSB channel
designated by the centre frequency
listed in the ITU Allotment Plan.

¢) The simultaneous use of channels
in the Aeronautical Mobile (R) Service
for SSB and DSB has to be the subject
of regional agreement.

d) When operating in the upper
half of a DSB channel, the SSB station
has to use as its reference frequency
the DSB channel centre frequency
listed in the Allotment Plan, except
as set forth in Note 4 to 4.11.1.1.1 of
Part 1.

e) All stations using 3023.5 kH:z
and 5680 kHz for search and rescue
purposes and equipped for SSB, have
also to radiate a signal capable of
reception on a DSB receiver and be
able to receive DSB transmissions.

/) As an exception to the provisions
in Part I, 4.11.1.7, relating to power,
aeronautical stations serving M\VARAs
or VOLMET areas may exceed
the limits specified, subject to com-
pliance with the relevant clauses of
Appendix 27 to the ITU Regulations.

g) Airborne installations should, as
far as possible, incorporate equipment
providing more than 26 dB carrier
suppression in the A3] mode.
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k) So as to permit aircraft having A3]
receiving capability to benefit from
the improved signal-to-noise and intel-
ligibility attainable thereby, ground
stations transmitting DSB should,
already in the interim period, have the
improved frequency stability required
for SSB transmission.

f) The spectrum limits defined in

Part I, 4.11.1.6, which are attainable|
in the present conditions, may not be
sufficiently stringent to permit the]
use of both upper and lower halves o
a DSB channel in the same air rout
area.

A The of the double si
nd system for-ground-to-ground radio-

ation equipment is
nced modulators
for each side-band.
itself is remove

side-band” power.
131

Nominal
modulation rate
of each channel
(bauds)

below 100

7/12/72
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SUPPLEMENT 1 TO ARINC CHARACTERISTIC 719 - Page 2

A. PURPOSE OF THIS SUPPLEMENT

This Supplement introduces a new control panel connector, a
modified 4-wire microphone interface, commentary on
expansion of the frequency range, revised microphone
grounding, switched power (optional), modified audio output,
and additional pin assignments for CW keying modes, key
event and primary power.

B. ORGANIZATION OF THIS SUPPLEMENT

The first part of this document, printed on buff-colored paper,
contains descriptions of the changes introduced into the
Characteristic by this Supplement, and, where appropriate,
extracts from the original text for comparison purposes. The
second part consists of replacement white pages for the
Characteristic, modified to reflect these changes. The
modified and added materiadl on each replacement page is
identified with “¢-1" symbols in the margins. Existing copies
of Characteristic 719 may be updated by simply inserting the
replacement white pages where necessary and destroying the
pages they replace. The buff-colored pages should be inserted
inside the rear cover of the Characteristic.

Copies of the Characteristic bearing the number 719-1 already
contain this Supplement and thus do not require revisions by
the reader.

C. CHANGES TO CHARACTERISTIC 719 INTRO-
DUCED BY THIS SUPPLEMENT

This section presents a compl ete tabulation of the changes and
additions to the Characteristic introduced by this Supplement.
Each change or addition is entitled by the section number and
title currently employed in the Characteristic, or by the
section number and title that will be employed when the
Supplement is eventually incorporated. In each case there is
included a brief description of the addition or change and, for
other than very minor revisions, any text originally contained
in the Characteristic is reproduced for reference.

2.4.2 Power Control Circuitry

Text added describing on/off control and optional
relay.

ORIGINAL TEXT FOLLOWS:

2.4.2 Power Control Circuitry

There should be no master on/off power switching within the
HF Transceiver. Any user desiring power on/off control for
the unit should provide, through medium of a switching
function installed in the airframe, means of interrupting the
primary power to the equipment. It should be noted that
primary power to the on/off switches for the HF Transceiver
will not be needed in most installations, and power will be
wired directly to the equipment from the circuit breaker panel.

3.1 Frequency Range and Channeling

Commentary expanded to include desirability of 2-30
MHz range.

Text change reflect 1 kHz frequency spacing.
ORIGINAL TEXT FOLLOWS:

3.1  Frequency Range and Channeling

The transceiver should operate on channels spaced 3 kHz
apart in the band 2.8 to 24 MHz. Channel changing time
should not exceed 1 second.

COMMENTARY

Currently there is no airline requirement for the
equipment to operate at 100 Hz channel spacing as
does the military HF equipment. However, it would
be wise of HF equipment manufacturers to design the
equipment for ease of modification to provide for the
100 Hz spacing if it were requested in the future by
the airlines. The manufacturer, though, should take
care in keeping the additional cost for the
convertibility down to an absolute minimum in order
not to lose marketability of a radio which selects

frequenciesin 1 kHz increments only. |

3.6.5 Audio Output
Text changed to incorporate RTCA SC-132 values.
ARINC STAFF NOTE deleted

ORIGINAL TEXT FOLLOWS:

3.6.5 Audio Output

An output isolated from ground having a source impedance of
50 ohms or less shall be provided for voice communication
output. A service control should be provided within the
transceiver for adjustment of the output level. The adjustment
should vary the output from 5mwW to 50mW.

ARINC STAFF NOTE: During the discussion of the
items incorporated into this Characteristic, AEEC called for
the audio output standards specified herein to be in
consonance with the audio system minimum operational
standards being developed by RTCA Special Committee 132.
This RTCA work was not complete as of the publication date
of this document. Accordingly, manufacturers and users
should expect a Supplement to this Characteristic a some
time in the future to amend the numbers specified in the sub-
parts of this Section.
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3.6.5.3 Voice Phase Shift Unit

Audio output reference changed from 50mW to
40mw.

ORIGINAL TEXT FOLLOWS:

3.6.5.3 Voice Phase Shift Limit

With 1000 uV modulated with 1000 Hz and the output level
adjusted for 50 mW into a 600 ohm resistive load, the audio
output phrase should not depart from that of the positive
going modulation envelope at the receiver input by more than
—30 degrees or +120 degrees.

COMMENTARY
The phase shift limits of the audio output are different

from those of data/ SELCAL output due to the number
of stages required for the processing of each signal

type.
3.7.3 Sidetone

Audio output reference changed from 50mW to
40mw.

A nominal setting of 10mW inserted.
ORIGINAL TEXT FOLLOWS:

3.7.3 Sidetone

The sidetone output (shared with the audio output should
have a source impedance of less than 50 ohms, and should
provide an output level of 50 mW into a 600 +20% ohm
resistive load when the transmitter is amplitude modulated
90% at 1000 Hz. A service adjustment independent of the
receiver audio output adjustment independent of the receiver
audio output service adjustment shall be provided to adjust
the output level. The adjustment shall provide for a variation
from 5 mW to 50 mW. The RF power required to operate the
sidetone should be obtained from a source as close as
practical to the transmitter power output connection.

3.9 Keyline
New Section inserted.

54  Useof ATLAS Language
Reference changed to ARINC Specification 616.
ORIGINAL TEXT FOLLOWS:

5.4 Useof ATLAS Language

Equipment manufacturers should note that the airlines desire
to have HF Transceiver test procedures intended for execution
by automatic test equipment written in the ATLAS language
described in |EEE Standard 416-1976.

ATTACHMENT ZERO -
ATTACHMENTS

NOTES PERTAINING TO

Note 6 — Pin MP5B changed to BP11 and Pin MP5G
changed to BP1.

Note 10 — Direct reference to ARINC 559A
control panel added.

Note 13 — Replaced with new description of use for
Pin MP2A.

Note 14 — Replace with new description of future
spares.

ATTACHMENT 1 - STANDARD INTERWIRING

Pin MP2A — Note number changed to 13.

Pin MP2D — Reserved status removed from “Voice/
Data Mode Select”.

Pin MP2E — Assigned to “Key Event”.

Pins BP2, BP3, and BP7 have been given reserved
status.

Pins BP4, BP5 and BP6 have been assigned as the
primary power input.

Control panel pin assignments changed.

“Future Spare” and “ Future Spare (Contact)”
assignments added.

ATTACHMENT 3 — SCHEMATIC OF AUDIO GROUNDS
AND USE OF 4-WIRE MICROPHONE (WTH SYSTEM
INTERLOCK RELAYYS)

Pin MP2E added to schematic.
Pin MP5G changed to BP1.
Ground connections revised.

ATTACHMENT 4 — CONTROL PANEL WIRING

Pins assignments revised for new connector.

ATTACHMENT 8 — CONTROL PANEL GUIDELINES

Connector type changed from MIL-C-83723-
T2R2255N to MIL-C-83723-77R14159.

Text added to describe optional master off-on control.

ORIGINAL TEXT FOLLOWS:

1.3 Connector Types

The “Standard Control Panel” should utilize an MIL-C-
83723-72R2255N connector (or equivalent) positioned on the
vertical center line of the unit.

15 Master Off-On Control

In accordance with Section 2.4.2 of this Characteristic there
should be no provision in the “ Standard Control Panel” for a
master Off-On control.

Page 4 intentionally left blank
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SUPPLEMENT 2 TO ARINC CHARACTERISTIC 719 - Page 2

A. PURPOSE OF THIS SUPPLEMENT

This Supplement introduces a modified 4-wire microphone
interface, commentary on reduced cooling provisions, a
blower control pin, and more guidance on the switched and
unswitched power inputs.

B. ORGANIZATION OF THIS SUPPLEMENT

The first part of this document, printed on buff-colored paper,
contains descriptions of the changes introduced into the
Characteristic by this Supplement, and, where appropriate,
extracts from the original text for comparison purposes. The
second part consists of replacement white pages for the
Characteristic, modified to reflect these changes. The
modified and added material on each replacement page is
identified with “¢-2" symbols in the margins. Existing copies
of Characteristic 719 may be updated by simply inserting the
replacement white pages where necessary and destroying the
pages they replace. The buff-colored pages should be inserted
inside the rear cover of the Characteristic.

Copies of the Characteristic bearing the number 719-2 already
contain this Supplement and thus do not require revisions by
the reader.

C. CHANGES TO CHARACTERISTIC 719 INTRO-
DUCED BY THIS SUPPLEMENT

This Section presents a complete tabulation of the changes
and additions to the Characteristic introduced by this
Supplement. Each change or addition is entitled by the
section number and title currently employed in the
Characteristic or by the section number and title that will be
employed when the Supplement is eventually incorporated. In
each case there is included a brief description of the addition
or change and, for other than very minor revisions, any text
originally contained in the Characteristic is reproduced for
reference.

26  COOLING
Text added describing blower control feature.

Commentary expanded to summarize test results for a
radio operated at |ess than specified air flow rate.

ORIGINAL TEXT FOLLOWS:

26  Cooling

The HF Transceiver should be designed to accept, and
airframe manufacturers should configure the installation to
provide forced air cooling as defined in ARINC Specification
600. The standard installation should provide an air flow rate
of 110 Kg/hr of 40°C air and the unit should not dissipate
more than 500 watts of energy during continuous
transmission. The coolant air pressure drop through the
equipment should be 25 + 5 mm at standard conditions of
1013.25 mbars. This pressure drop does not include the drop
through a returning orifice when such orifice is located
external to the equipment case.

2.6 Cooaling (cont’d)

NOTE: Manufacturers have stated that a 400W PEP
output is within the “state-of-the-art” and may be
implemented at the option of the user. Cooling
provisions should be increased for the higher
power radio. Based on a 700W power
dissipation, the air flow rate should be increased
to 154 Kg/ hr.

COMMENTARY

Equipment failures in aircraft due to inadequate
thermal management have plagued the airlines for
many years. In Section 3.5 of ARINC Specification
600 they have written down everything they believe
airframe and equipment suppliers need to know to
prevent such problems in the future. They regard this
material as “required reading” for al potentia

suppliers of HF Transceivers and aircraft installations. __|

ATTACHMENT ZERO -
ATTACHMENTS

NOTES PERTAINING TO

Note {15 added to describe switched and unswitched
power inputs.

ATTACHMENT 1 —-STANDARD INTERWIRING

Pin MP3K assigned to blower control.
Pin MP5A assigned to chopper control.

Pins BP4, BP5 and BP6 descriptions expanded to
designate unswitched power.

Note 15 designator added to pins BP2, BP3 and BP7.

ATTACHMENT 3 — SCHEMATIC OF 4-WIRE MICRO-
PHONE

Pin MP5A (Chopper Control) added to schematic.
ORIGINAL FOLLOWS:

See Page 3 for Attachment 3.
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SUPPLEMENT 3TO ARINC CHARACTERISTIC 719 - Page 2

A. PURPOSE OF THIS SUPPLEMENT

This Supplement introduces a revised 4-wire
microphone schematic, a new pin assignment to
provide for varying audio grounding techniques, and a
program pin to provide for narrow/wide frequency
tuning selection.

B. ORGANIZATION OF THIS SUPPLEMENT

The first part of this document, printed on buff-
colored paper, contains descriptions of the changes
introduced into the Characteristic by this Supplement,
and, where appropriate, extracts from the original text
for comparison purposes. The second part consists of
replacement white pages for the Characterigtic,
modified to reflect these changes. The modified and
added material on each replacement page is identified
with “¢-3” symbols in the margins. Existing copies of
Characteristic 719 may be updated by smply
inserting the replacement white pages where necessary
and destroying the pages they replace. The buff-
colored pages should be inserted inside the rear cover
of the Characteristic.

Copies of the Characteristic bearing the number 719-3
aready contain this Supplement and thus do not
require revisions by the reader.

C. CHANGES TO CHARACTERISTIC 719 INTRO-
DUCED BY THIS SUPPLEMENT

This section presents a complete tabulation of the
changes and additions to the Characteristic introduced
by this Supplement. Each change or addition is
entitled by the section number and title currently
employed in the Characteristic, or by the section
number and title that will be employed when the
Supplement is eventually incorporated. In each case
there is included a brief description of the addition or
change and, for other than very minor revisions, any
text originally contained in the Characteristic is
reproduced for reference.

2.6 Cooaling

Cooling air and power dissipation revised. First
paragraph of Commentary deleted.

ORIGINAL TEXT FOLLOWS:

2.6  Cooling
The HF Transceiver should be designed to accept, and
airframe manufacturers should configure the installation to
provide forced air cooling as defined in ARINC Specification
600. The standard installation should provide an air flow rate
of 110 Kg/hr of 40°C air and the unit should not dissipate
more than 500 watts of energy during continuous
transmission. The coolant air pressure drop through the
equipment should be 25 + 5 mm at standard conditions of
1013.25 mbars. This pressure drop does not include the drop
through a returning orifice when such orifice is located

4 external to the equipment case.

2.6 Cooaling (cont’d) A

The HF Transceiver should provide for blower control by use
of pin MP3K. Grounding of this pin should disable the
normal continuous operation of the blower.

NOTE: Manufacturers have stated that a 400W PEP
output is within the “state-of-the-art” and may be
implemented at the option of the user. Cooling
provisions should be increased for the higher
power radio. Based on a 700W power
dissipation, the air flow rate should be increased
to 154 Kg/ hr.

COMMENTARY

Equipment racks in some aircraft cannot supply the air
flow rate specified for the HF system. In light of the
problem, tests have revealed that reliability should not
be significantly degraded when the radio is operated
with 125 pounds (57 kilograms) per hour of 40°C,
provided that the radio’s maximum transmit time is
limited to one minute AM modulation with five
minute receive periods and the internal blower is
operated continuously.

Equipment failures in aircraft due to inadequate
thermal management have plagued the airlines for
many years. In Section 3.5 of ARINC Specification
600 they have written down everything they believe
airframe and equipment suppliers need to know to
prevent such problems in the future. They regard this
material as “required reading” for al potentia
suppliers of HF Transceivers and aircraft installations. _|

ATTACHMENT ZERO - NOTES PERTAINING TO
ATTACHMENTS

Note 11 changed to describe use of pin MP5J.

Note 16 added to describe use of pin MP2F.
ATTACHMENT 1 - STANDARD INTERWIRING

Pin MP2F changed to “Mike Input (Gnd).”
Pin MP5J changed to “Narrow/ Wide Range select.”

ATTACHMENT 3 — SCHEMATIC OF 4-WIRE MICRO-
PHONE

Pin MP2F added for alternate grounding methods.

“Chopper Control”  pin to MP5A

(typographical error)

changed

ORIGINAL ON NEXT PAGE:
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AMENDMENT TO SUPPLEMENT 3TO ARINC CHARACTERISTIC 719 - Page 2

Purpose of the Amendment

This amendment reinstates into the Characteristic
material originally incorporated by Supplement No. 1,
inadvertently omitted by Supplement No. 3.

Organization of this Amendment

This amendment to Supplement No. 3 contains only
white replacement pages 21- 22. A description of
changes introduced on page 21 is found in the buff-
colored pages of Supplement No. 3, while the
description of changes introduced on page 22 is found in
Supplement No. 1.
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SUPPLEMENT 4 TO ARINC CHARACTERISTIC 719 - Page 2

A. PURPOSE OF THIS SUPPLEMENT

This Supplement reserves a pin on the HF/SSB control
panel for discrete test of static displays.

B. ORGANIZATION OF THIS SUPPLEMENT

The first part of this document, printed on buff-
colored paper, contains descriptions of the changes
introduced into the Characteristic by this Supplement,
and, where appropriate, extracts from the original text
for comparison purposes. The second part consists of
replacement white pages for the Characterigtic,
modified to reflect these changes. The modified and
added material on each replacement page is identified
with “¢-4" symbolsin the margins. Existing copies of
Characteristic 719 may be updated by simply
inserting the replacement white pages where necessary
and destroying the pages they replace. The buff-
colored pages should be inserted inside the rear cover
of the Characteristic.

C. CHANGES TO CHARACTERISTIC 719 INTRO-
DUCED BY THIS SUPPLEMENT

This section presents a complete tabulation of the
changes and additions to the Characteristic introduced
by this Supplement. Each change or addition is
entitted by the section number and title currently
employed in the Characteristic, or by the section
number and title that will be employed when the
Supplement is eventually incorporated. In each case
there is included a brief description of the addition or
change and, for other than very minor revisions, any
text originally contained in the Characteristic is
reproduced for reference.

ATTACHMENT ZERO — NOTES PERTAINING TO
ATTACHMENTS

Note 17 added - explains use of control panel pin 6 for
discrete input for static displays test on
those control panels utilizing liquid
crystal displays.

ATTACHMENT 1 — STANDARD INTERWIRING
OVITIEINéTTACHMENT 4 — CONTROL PANEL

Chan&_e control panel pin 6 from “SPARE” to
‘_‘l_RE RVED, Discrete Input for Static Displays
ot
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SUPPLEMENT 5TO ARINC CHARACTERISTIC 719 - Page 2

A. PURPOSE OF THIS SUPPLEMENT

This Supplement introduces a detailed description of
Built-In Test Equipment (BITE) and revises portions
of the audio output characteristics.

B. ORGANIZATION OF THIS SUPPLEMENT

The first part of this document, printed on buff-
colored paper, contains descriptions of the changes
introduced into the Characteristic by this Supplement,
and, where appropriate, extracts from the original text
for comparison purposes. The second part consists of
replacement white pages for the Characterigtic,
modified to reflect these changes. The modified and
added material on each replacement page is identified
with “¢-5" symbols in the margins. Existing copies of
Characteristic 719 may be updated by smply
inserting the replacement white pages where necessary
and destroying the pages they replace. The buff-
colored pages should be inserted inside the rear cover
of the Characteristic.

Copies of the Characteristic bearing the number 719-5
aready contain this Supplement and thus do not
require revisions by the reader.

C. CHANGES TO CHARACTERISTIC 719 INTRO-
DUCED BY THIS SUPPLEMENT

This section presents a complete tabulation of the
changes and additions to the Characteristic introduced
by this Supplement. Each change or addition is
entitled by the section number and title currently
employed in the Characteristic, or by the section
number and title that will be employed when the
Supplement is eventually incorporated. In each case
there is included a brief description of the addition or
change and, for other than very minor revisions, any
text originally contained in the Characteristic is
reproduced for reference.

3.6.5 Audio Output

Section revised completely.
ORIGINAL TEXT FOLLOWS:

[3.6.5 Audio Output

An output isolated from ground having a source impedance of
20 ohms or less shall be provided for voice communication
output. A service control should be provided within the
transceiver for adjustment of the output level. The adjustment
should vary the output from 5mwW to 40mW. The nomina
setting should be 10mW at 1000 Hz.

3.6.5.1Hum Level
Hum and noise in the receiver output should be at least 40 dB

belOow 10 milliwatts output with a 1000 microvolt 30% 1000
V¥ Hz modulated reference input.

3.6.5.2 Frequency Response A

For SSB the response in the passband of 350-2500 Hz should
not vary by more than 6 dB. For AM the audio power output
level should not vary more than 6 dB over the frequency
range 300 Hz to 2500 Hz with respect to a reference level of
up to 10 milliwatts established at 1000 Hz with a constant
input carrier level modulated 30%. A sharp cut-off in
response below 300 Hz and above 2900 Hz is desirable.
Frequencies above 2900 Hz should be attenuated at least 35
dB and frequencies above 3300 Hz should be attenuated at
least 60 dB.

3.6.5.3 Voce Phase Shift Limit

With 1000 uV modulated with 1000 Hz and the output level
adjusted for 40 mW into a 600 ohm resistive load, the audio
output phase should not depart from that of the positive going
modulation envelope at the receiver input by more than —30
degrees or + 120 degrees.

COMMENTARY

The phase shift limits of the audio output are different
from those of data/ SELCAL output due to the number
of stages required for the processing of each signal
type. -

6.0 BUILT-IN TEST EQUIPMENT (BITE)

New section added.

ATTACHMENT 9 — TYPICAL TEST PROCEDURES-
AUDIO OUTPUT

New section added.



