
NOTE: This amendment Advance Copy

contains TSO-C74a

Title14 AERONAUTICSAND _ Pressure Altltude Transmission(ICAO International Standards and Rec-
ommended Practices; Aeronautical Tele-SPACE communications, Annex 10, Volume I,
Part I, Equipment and Systems).

Chapter I---Federal Aviation Agency The FAILtakesno positionon whether

[Docket No. 7270; Amdt. No. 8_-10] the patent (1) is valid or (2) covers theICAO Code so that use of the code might
PART 37mTECHNICAL STANDARD infringethe patent. However, in order

ORDER AUTHORIZATIONS to assurethatthe equipment covered by
the TSO willbe readilyavailableat rea-

Airborne ATC Transponder Equip- sonable cost, the FAA has obtained an
ment, TSO--C74a agreement from the patent owner pro-

viding for the granting of nonexclusive
The purpose of this amendment to Part licenses on reasonable terms for the

37 of the Federal Aviation Regulations is manufacture, use, or sale of the equip-
to revise technical standard order (TSO- merit claimed to be covered by the patent.
C74) for airborne ATC transponder Numerous comments have been re-
equipment to increase the number Of ceived in response to Notice 66-12. The
available reply codes and to add on auto- more pertinent of these comments, to-
matlc altitude reporting capability. In gether with the changes in the proposal
addition to revising the various technical resulting therefrom, are discussed in de-
aspects of the present TSO--C74, this tail hereinafter.
amendment incorporates Federal Aria- Several comments were received con-
tlon Agency Standards and Test Proce- cerning the applicability of this TSO.
dures. This action was published as a In one case, the comment was made that
notice of proposed rule making (31 F.R. the requirements of this TSO are appli-
5570, Apr. 8, 1966), and circulated as cable only to airline users since they are
Notice 66-12. required, for all practical purposes, to

Transponder equipment comprises only carry TSO equipment. In this connec-
one element of the complete system re- tlon, it was pointed out that In a coopera-
quired for automatic altitude reporting, tire system, such as secondary surveil-

•By separate rule-making action, the lance radar, the FAA should require any-
Agency is also establishing minimum one who carries an ATC transponder to
performance standards (TSO-C88) for meet a minimum performance standard.
100-foot increment digitizing equipment. On the other hand, certain of the com-

As stated in Notice 66-12, the Datex merits objected to the deletion of the
Corp., Monrovla, Calif., owns U.S. Patent phrase "for air carrier aircraft" from the
No. 3,165,731 issued January 12, 1965, in applicability statement and. expressed a
the name of Carl P. Spauldmg, and need for clarification of this action.
claims it covers digitizer equipment em- Concern was expressed that the deletion
ploying the parallel digital code set forth of this phrase would make the TSO appli-
in the International (ICAO) Code for cable to all transponders In the absence

(As published in the Federal Register _/32 F.R. 18_8_ on January 10, 1967)
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of any other known means of obtaining take in future rule making under Notice which was included because it was
transponder equipment approval. The 65-9. thought that requirements for the rat-
comments point out that the application In addition to the foregoing, a corn- ing of components would improve the
of a rigid TSO would, in their opinion, ment was received suggesting that a re- reliability of equipment manufactured
impede the development of low-cost quirement for automatic altitude report- under the standard. However, there
equipment and greatly retard the full ing capability should not be provided in were objections to this section on the
utilisation of the secondary surveillance the TSO, but that the provision for such grounds that it is obsolete and may ira-
radar system. It was suggested that ff capability should be optional at this pose an unnecessary burden on the man-
requirements are to be imposed on gen- time. In further support of this posi- ufacturer. After further consideration,
eral aviation aircraft, they should be lira- tton, the comment pointed out that gen- the Agency agrees that a requirement for
ited to those absolute minimum systems eral aviation transponders which may the rating of components of a trans-
characteristics which could degrade the not have altitude reporting capability ponder ls unnecessary and could impose
system, must be required to meet minimum per- restrictions on equipment design. It has

In response to these cormnents, the formance standard for the basic trans- therefore been deleted from the final
Agency considers It appropriate to once ponder system. Finally, it was suggested rule.
again point out that the performance that since Mode C is not mandatory, a In response to industry comments and
standards set forth in this TSO are TSO requirement for Mode C could dis- for the purpose of clarification, the word
mandatory only for 'equipment manu- courage general aviation users from "transmitter" has been removed from
facturers who wish to obtain TSO au- meeting any standard. The Agency the requirement of paragraph 1.3(a)
thortzation covering ATC transponder agrees that to prevent derogation of the since the reply codes are not generated
equipment. As the preamble to Notice s_stem, certain basic transponder stand- in the transmitter itself.
66--12 indicated, TSO's are directions to ards should be made mandatory for all A suggestion was made that the re-
manufacturers holding authorizations users of the airspace involved. This is quirement concerning operating controls
under the system and are not directed the subject of separate rule-making ac- should require that provision be made
to persons who install or use the equip- tlon under Advance Notice 65-9. How- for the selection of Mode 3/A or Mode B,
ment. Therefore, reference to "air car- ever, we do not believe that the absence if Mode B is provided in the transponder.
tier aircraft" in the applicability provi- of a Mode C capability option in this re- The Agency does not agree with thir
sion of the TSO would be both meaning- vised TSO would discourage general avi- suggestion. The purpose of the require-
less and confusing, ation operators from meeting any stand- ment concerning operating controls is to

The technical standard order system arda Under the current rule, operators prescribe functions which must be select-
merely provides one means by which may use transponders that do not meet able, as a minimum. Mode B is an
equipment is approved and unless the any TSO requirements and while this optional Mode (as is Mode D). It is nec-
operating rules require that equipment may lead to the use of transponders that essary only for ATC transponder equip-
be TSO-approved, an operator may use do derogate the system, allowing the ment installed in aircraft which operate
any approved equipment. At the present Mode 3/A or Mode 3/A and Mode Cop- in the United Kingdom. The pulse spac-
time, TSO approval of a transponder Is tion in this revised TSO as tee, m- tng for Mode B operation is contained In
not necessary in order to obtain approval mended, would not alter this situation an appendix to the standard. The
for the installation of the transponder materially. Rule making along the lines Agency sees no need to include such
and such installation may be made, not- proposed in Notice 85-9 is the positive optional modes of operation in the mini-
withstanding the adoption of this TSO, way to obtain compliance with essential mum standards for transponders.
without necessarily meeting the TSO system characteristics and thereby pre- A comment was received concerning
performance standards. However, as the vent system derogation, the proposed requirement that the varia-
.agency indicated in Advance Notice 65--9 Concerning the deletion of detailed tion of sensitivity of the receiver between
(Airborne Radio Navigation and Corn- test procedures as proposed in Notice any mode which it is capable of operat-
munication Equipment for General AVI- 66-12, one comment voiced an objection lng must be less than 1 db. It was
ation Aircraft, and Related Consldera- on the grounds that a determination of pointed out that this requirement is too
tions) all transponder equipment mUst the performance characteristics of a restrictive to accommodate the variation
be capable of meeting a minimum level transponder depend on the method by expected during temperature testing and
of performance (although not necessar- which it is tested. While the Agency it was recommended that the allowable
ily those in this TSO) ff airborne equip- agrees that different levels of perform- variation be changed to 2 db. The
ment interference is to be, avoided and ance may be obtained depending on the Agency considers that a maximum varia-
safe passage of an aircraft in the Na- techniques and test equipment used, this tton of receiver sensitivity between modes
ttonal Airspace System is to be reallzed_ situation is not unique with respect to of 2 db is excessive when the equipment
In this connection, the Agency proposed, transponders. Moreover, this could co- is operating at normal room temperature.
among other things, the development of cur even though the TSO contained However, since it appears that the re-
"essential system characteristics" and standard test procedures, quirement ,would be difllcult to meet
"minimum performance standards" for There are many other areas where de- over all of the temperature extremes
ATC transponder equipment providing tail guidance for testing is nat provided which may be encountered in service,
an automatic altitude reporting capabil- as part of the standard. As the Notice the Agency considers it appropriate
ity. Essential system characteristics, as indicated, the standard is written for to provide some relaxation in the
outlined in the Notice, are those the equipment manufacturers who certify standard. In this connection, the stand-
equipment must have if its operation is compliance with the TSO. These manu- ard already provides an allowance in the
not to impair the use of the airspace en- facturers are considered qualified to test receiver sensitivity requirement for min-
vironment by others, nor create a haz- and certify their equipment using test imum triggering level outside the tem-
ard. Minimum performance standards procedures that they develop for this perature range of --15 ° C. and +40 ° C.
are those the equipment must meet to purpose. It would, therefore, be consistent to allow
insure acceptable accuracy for IFR .per- A comment was received requesting a relaxation for the maximum variation
attons in controlled airspace. These clarification of the Agency's" plans to of receiver sensitivity between modes
characteristics and standards are still utll_ Mode D. Although technical pa- when operating beyond these tempera-
under development by the Agency and rameters have been deflned and agreed to ture extremes. The proposal has been
the matters raised by 'the subject corn- internationally in ICAO for Mode D type changed to provide that during tempera-
ments will be considered in developing of operat_ns, no specific use h_s been ture testing the 2 db variation is allowed
the necessary standards and character- assigned for Mode D operation and the at temperatures below --15 ° C. and
isties. When completed, they will be the Agency has no plans to use it. Mode D above +40" C.
subject of a separate notice of proposed is incorporated into the TSO for lnfor- In a comment objecting to the pro-posed requirement for repeated testing
rule-nmking action. The present TSO maUon only. for spurious responses after each phase
aetna is In mo way irldtcative of the AS prqposed, the TSO contained a see- of environmental testing, it was pointed
course ef uetibn that the Agency may tion entitled "Rating of Components" out that these tests are over and above
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the testing done at normal room tern- Mode 1 interrogations to generate sup- during temperature testing the 0.4 mi-
perature and it was recommended that pression within the transponder. This crosecond variation is allowed at tern-
the requirement be deleted. The Agency causes unwanted dead time on the trans- peratures below --15 ° C. and above
agrees that if equipment is properly de- ponder, reducing its capability to reply _-40 ° C.
signed and meets the spurious response to valid interrogations on other modes. The requirements of paragraph 2.13b
standard under normal room tempera- It was suggested that a reduction in the have been changed to make it clear that
ture operating conditions, the proposed outer limit to �à�\�microsecondshould the pulse spacing is measured leading-
testing of the spurious responses under eliminate this possibility. The Agency edge to leading-edge at the half-voltage
the environmental temperature extremes agrees that a reduction in the outer points. This method of measurement is
isunnecessary. The proposalhas been limitsto -I-0.7microsecondwould reduce consistentwithotherpartsof the stand-
revisedaccordingly, the amount of dead time in the trans- ard. With respecttothe specialposition
As proposed,thestandardrequiresonly ponder and would provide improved identificationpulse (SPI), the proposal

Modes 3/A and C. A comment was re- operations.The standard has been provided thatwhen replyingto Mode C
ceivedto the effectthat sinceU.S.air- changed to accommodate the suggested interrogation,the SPI pulseisincluded
craftoperatingin internationalservice reduction, in the replytrainwhenever the D4 pulse
are requiredto be capableof responding As proposed,paragraph 2.6cof the isselectedby the pressurealtitudeen-
to interrogationson Mode B, the TSO standardprovides,inpertinentpart,that coder. Thisprovisionwas originallyin-
shouldatleastmention thisrequirement, thetranspondermust be suppressedwith cluded in considerationof a possible
The Agency seesmerit in thisreeom- 99 percent efficiencyover the received internationalneed. However, as a re-
mendation and an appropriatenote has signalamplitude range from minimum suitof agreements reached by the Corn-
been added to paragraph 2.4,Interroga- triggeringlevelto 50 db above thatlevel, munications/Operations Division of
tion. A comment was received to the effect that ICAO at a meeting in November 1966,

The proposal concerning side-lobe sup- the transponder must be suppressed with there will be no requirement to transmit
pression (paragraph 2.5) would have 99 percent efficiency not only from the the SPI pulse whenever the D, pulse is
continued in effect the current standards minimum triggering level to 50 db but selected by the pressure altitude encoder
by requiring that all transponder equip- also below that level. The Agency agrees for automatic altitude reporting in 100-
ment provide three pulse side-lobe sup- that such a requirement would reduce foot increments. Therefore, this provi-
pression (SLS) and by providing for the the probability that the transponder sion has been deleted from the proposed
incorporation of two pulse SLS capa- would respond to a false signal and create standard.
billty in addition to three pulse SLS at a false target. However, compliance Objection was made to the require-
the manufacturer's option. The provi- with such a requirement would be more ments of paragraph 2.13d of the stand-
sion concerning two pulse SLS would difficult to achieve and would impose an ard, pointing out that it is extremely
have been retained on the assumption additional burden on the manufacturer, difficult to meet the pulse rise time limits
that there would be an international Service experience has shown that the between 0.05 and 0.1 microsecond. The
need for two pulse side-lobe suppression present requirement will achieve a saris- comment states that essentially all new
capability in a transponder. Subsequent factory level of performance and Is con- transponders use grid or cathode pulse
to the issuance of the Notice, however, sidered adequate by the Agency. transmitters which permit greater use of
the Communications/Operations Divi- In answer to a question concerning the solid state devices and provide better re-
sion of the International Civil Aviation intent of the proposed standard with re- covery characteristics for the 1.45-micro-
Organization (ICAO) agreed, with the spect to increased dead time, it should second pulse spacing. These transmit-
support of the U.S. delegation, to dis- be made clear that the proposed require- ters nominally give rise times of 0.04 and
continue the use of two pulse SLS and ment concerning dead time is a clarlfi- 0.05 microsecond which was previously
to remove provisions relating to two pulse cation of the present requirement and permitted. The comment further indi-
SI_ from the international standard, was established to accommodate mill- cares that it can be shown mathemati-
Since the need for two pulse SLS capa- tary users on the emergency reply. The cally that the significant portion of the
bility did not materialize as anticipated, proposed revision permits an increase in spectrum does not change when the rise
there is no longer any necessity for a dead time over that permitted under the time is faster than 0.05 microsecond if
provision in this TSO relating to two current TSO for this application, the fall time approaches the outer limit.
pulse SLS. For this reason and con- A comment was made that delay varia- As proposed by the Agency, the intent of
sistent with the action being taken with tions between modes on which the trans- the lower limit to pulse rise time and
respect to the ICAO standards, reference ponder i.4capable of replying of less than pulse decay.(fall) time specified in para-
to two pulse side-lobe suppression has or equal to 0.2 microsecond is too re- graph 2.13d is to control spurious side-
been deleted from the standard. This stricttve to accommodate the variation band radiation which could cause serious
change imposes no additional burden on expected during variations in tempera- interference to other electronic equip-
any person and manufacturers will still ture. It was recommended that this be merit in the aircraft or operating nearby.
be required to meet only the standards changed to 0.4 microsecond during tern- In response to this comment, the Agency
applicable to three pulse side-lobe sup- perature testing. The Agency considers considers it appropriate to provide that
pression as proposed. However, with the that maximum delay variations of 0.4 the rise and decay time (0.05 mlcrosec-
deletion of the provision for two pulse microsecond between modes on which the ond} may be less providing the sideband
side-lobe suppression, there is no longer transponder is capable of replying are radiation is no greater than that which
any need to specifically identify suppres- excessive when the equipment is operat- would be produced theoretically by a
sion capability in terms of the number ing at normal room temperature. How- trapezoidal wave having the stated rise
of pulses. Therefore, the standard now ever, since it appears that the proposed and decay time.
merely refers to "side-lobe suppression." requirement would be difficult to meet A comment was received suggesting

In addition, as proposed, the require- over all of the temperature extremes that instead of requiring the transponder
merit of section 2.6(a) (2) would have which may be encountered in service, the to be capable of transmitting all 11 in-
applied only in equipment designed to Agency considers it appropriate to pro- formation pulses, the standard should be
operate with two pulse SLS. However, vide some relaxation in the requirement, revised to specify that this requirement
this was an inadvertent change from the In this connection, the standard already be made a function of the altitude ceil-
current requirements and would have provides an allowance in the receiver ing of the equipment. It was not In-
imposed an undue burden on manufac- sensitivity requirement for minimum tended that equipment have _ capability
turers. Therefore, the final standard triggering level outside the temperature of transmitting all 11 information pulses
has not been changed as proposed and range of --15 ° C. and -[-40 ° C. It would, and the Agency concurs in this comment.
the regulation is the same as the current therefore, be consistent to allow a relaxa- The proposal has been changed to re-requirement.

A comment pointed out that in the tion for the maximum delay variation quire that the equipment have the capa-
proposed standard, side-lobe suppres- between modes when operating beyond billty of transmitting only those lnfor-
sion decoding is permissible out to 3 these temperature extremes. The pro- mation pulses necessary for operation up
microseconds, which allows mtlltary posal has been changed to provide that to its design maximum altitude.
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A comment was received objecting to graph, the requirement is based on the (l) Temperature-altitude category.
the requirements of paragraphs 2.15 and assumption that there is a tranJm_tz_lon (ii) VtbraUon category.
2.i6 which refer to probable malfunc- line loss of $ db, Thus, if the transmis- (fl[) Audiofrequency magnetic field
tions of the monitor and the self-test fee- sion line loss exceeds 3 db, the power out- _usceptihKlty category.
ture. The comment points out that any put must be adjusted aecordtn__ly. Since (iv) Radlofrequency susceptibility
malfunction that could possibly occur is this was not clearly set forth in the pro- category.
a probable malfunction and that it is posal, a new subparagraph has been (v) Emission of spurious radtofre-
important to protect against malfunc- added providing the necessary clarifica- quency energy category.
tions that are reasonably probable. The tion. (vi) Explosion category.
Agency concurs that protection against As proposed, the standard required se- (2) Equipment intended for installa-
all probable malfunctions would be un- lection of Modes 3/A and/or C. How- tion in aircraft that operate at altitudes
reasonable and exceeds the state of the ever, the Agency is now aware that the above 15,000 feet must be identified on
art. The Agency believes that the phrase National Airspace System design will not the nameplate as Class I equipment.
"likely to occur" more appropriately ex- accept transponder Mode C replies unless (3) Equipment intended for installa-
presses the intent of these paragraphs they are associated with Mode 3/A re- tion in aircraft that operate at altitudes
and achieves the objective of the corn- plies. The proposal has been revised to not exceeding 15,000 feet must be ldenti-
ment. The proposal has been revised require selection of Mode 3/A or Modes fled on the nameplate as Class II equip-
accordingly. 3/A and C. merit. A typical nameplate ldentifica-

With respect to paragraph 2.17 con- Other changes of an editorial or clarl- tion follows: "Env. Cat. DBAAAX Class
cerning the equipment antenna, a corn- fying nature have been made to the TSO I."
merit noted that the antenna require- as proposed. They are not substantive (4) Where a manufacturer desires to
meritisappropriateonlyifItmay be as- and do not Impose any additionalburden substantiatehisequipment in dualcate-
sumed that any testsrequiredof the on regulatedpersons, gorlesfor one environment,the name-
antenna are made consideringthe an- Interestedpersonshave been afforded platemust be marked with beth cate-
tenna as an independentco_ponen: op- the opportunityto participatein the gorlesin the space designatedfor that
cratedon a specifiedground plane,since making of thisamendment. All rele- categoryby placingone letterabove the
the antenna radiationpatternisentirely vant materialsubmittedhas been fully otherinthe followingmanner:

dependent on the characteristiCs of both considered. A
the antenna and ground plane in combt- (Sees. 813(a), 601, Federal Aviation Act of "Env. Cat. DBAAX Class I."
nation. The Agency agrees that the an- 1958; 49 U.S.O. 1854(a), 1421)
tenna radiation pattern is dependent on In consideration of the foregoing, (5) Each separate component of
the performance of both the antenna and § 27.180 of Part 37 of the Federal Avia- equipment (antenna, power supply, etc.)
ground plane combination used in con=
ducting the tests. Under paragraph 2.17 tion Regulations is amended to read as must be identified with at least the name
the antenna is not required to be in- hereinafter set forth, effective February of the manufactu_r, the TSO number,and the environmental categories over
stalled on the aircraft and the manufac- 10, 19B7, which the equipment component is de-
turer may select any suitable ground Issued in washington,D.C.,on Decem- signed to operate.
plane which would provide optimum per- ber 30, 1966. (c) Data requirements. In accord-
formanee for his antenna in conducting C.W. WaLmm, ance with § 37.5, the manufacturer
these tests. The requirement is reason- Director, Flight Standards Service. must furnish to the Chief, Engineering
able and Is not dif_cult to meet if corn- and Manufacturing Branch, Flight
monly accepted design practices are §37.180 Airborne ATC transponder Standards Division, Federal Aviation
followed, equipment_TSO-C74a. Agency, in the region in which the

Commenting on the emission of spuri- (a) Applicabilttl/. T h i e technical manufacturer is located, the following
ous radio frequency energy requirement standard order prescribes the minimum technical data:
contained in Appendix A of the FAA performance standards that ATC _rans- (1) Six copies of the operating in-
document "Environmental Test Proce- ponder equipment must meet in order to structions and equipment limitations of
dures for Airborne Electronic Equip- be identified with the applicable TSO the manufacturer.
ment", it was pointed out that as stated marking. New models of equipment that (2) Six copies of the Installation pro-
in the Appendix, any energy radiating are to be so identified, and that are cedures with applicable schematic draw-
on the selected transmitter frequency manufactured on or after February I0, ings, wiring diagrams, and specifications,
± 50 percent of the band of frequencies 1967, must meet the requirements of the and a listing of components (by part

between adjacent channels is not in- "Federal AviattonAgency Standard, Air- number) or possible combinations
eluded in the requirements. In this con- borne ATC Transponder Equipment," thereof, which make up a system comply-
text, the commentator requests to be set forth at the end of this section and ing with this TSO. Indicate any lhnita-
advised concerning this band of fre- the FAA document for Environmental tlons, restrictions, or other conditions
quencies for a single channel device such Test Procedures for Airborne Electronic pertinent to the installation.
as the transponder and indicates that Equipment, set forth in TSO-C87, effee- (3) One copy of the test report of the
exclusion of a band of frequencies around tire February 1, 1966 (30 F.R. 15553, Dec. manufacturer.
the 1090-Me transmitter frequency is 17, 1965). (d) Previous_u approved equipment.
necesssary since it is extremely difficult (b) Marlctng. (1) In addition to the Airborne ATC transponder equipment
to contain this energy at the power levels markings specified in § 3"/.7, the equip-
required In the transponder. In response ment must be marked to indicate the approved prior to February 10, 1967, may
to this comment, it is noted that DME environmental extremes over which it continue to be manufactured under the
channels are reserved above 1083 Mc and has been designed to operate. There are provisions of its original approval.
below 1094Mc to provideprotectionfor sixenvironmentalproceduresoutlinedin F_za_ AValON STANV_V
the secondarysurveillanceradar (SSR) the FAA document for Environmental
system. Based on this protection plan, Test Procedures for Airborne Electronic amBo_ aTc _aPo_r_za ZmV_MZNT
the next adjacentchannel to the ATC Equipment, that have categoriesestab- I.O {_ne_ stand_rd.s---l.1Operationo/
transpondertransmitteris1094Mc. For llshed.These must be identifiedon the controls.The deignoftheequipmentmust
purposesofmeeting the emissionof sPu- nameplate by the words "Environmental be suchthatthe controlsintendedfOruse
ri0US radio frequency energy require- Categories"or, as abbreviated,"Env. duringflightcannotbe operatedinany pos-
ments,the next adjacentchannel would Cat."folowedby sixletterswhich identify slblepo61tloncombination,orsequencethatwould result in a condition detramental to
be considered 4.0 Mc from the 1090-Mc the categories designated. Reading from to the continued performance of the equip_
frequency of the transponder trans- left to right, the category designations ment. Controls that are not normally ad-mitter.

Paragraph 2.11a of the proposal con- must appear on the nameplate In the Justed in flight must not be readUy acceesibleinflight.
rains the power output requirements for following order, so that they may be 1.20pc_ttng controls. In addition to
transponders. As stated in that para- readily identified: such other operating controts as are neces-
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sary, controls must be provided to accom- (3) The received amplitude of a proper i_ovlded. The range of this control must
plish the following functions: interrogation in more than 10 db above the permit adjustment of the reply rate to any

a. Selection of reply cedes, received amplitude of random pulses where value between 500 replies per second and the
b. Selection of "standby" condition, the latter are not recognized by the trans- maximum rate of which the transponder is
c. Selection of Mode 3/A only and Modes ponder aJ P_, P_, or P_. capable, or 2,000 replies per seeond: which-

3/AandCcomblned b. Conditlona under whlcPt transponder ever Is the lesser, without regard to the
d. Activation of identification feature, must not repTy. Over the signal amplitude number of pulses in each reply. Sensitivity
1.3 E_ec'ts ot test. Unless otherwise from the minimum triggedring level to 50 db reduction in excess of 3 dh must not take

stated, the design of the equipment must be above this level, the transponder mltst not effect until 90 percent of the selected reply
such that the application of the specified reply to more than 10 percent of the Inter- rate is exceeded. The sensitivity must be
tests produces no discernible condition that rog0,tions under either of the following reduced by at least 30 db when the rate ex-
would be detrimental to the continued per- condltions: ceeds the selected value by 50 percent.
formance of equipment manufactured in (1) The Interval between interrogation 2.8 Transponder reply rate capability.
accordance with such design, pulse PI and P_ differs from the specified a. For equipment intended for installation in

2.0 Minimum performance standards un- spacing for the particular mode setting by aircraft that operate at altitudes above 15,000
der standard eondltfo_s. The test condl- more than ±l.0microsecond. feet (Class I), the reply rate capability must
tlons and deflnltion_ of terms applicable to (2) The interrogations consist of single be at least 1,200 reply groups per second for a
a determination of the performance of air- pulses. However, this does not apply to 15-pulse coded reply.
borne ATC transponder equipment are set. those combinations of single pulses that b. For equipment intended for Installation
forth in Appendix A. occur at the selected interrogation spacing in aircraft that operate at altitudes not ex-

2.1 Receiver operating #equency and or to single pulses that have amplitude ceeding 15,000 feet (Class II), the reply rate
bandwidth, a. The receiver nominal center variations approximating a normal inter- capability must be at least 1,000 reply groups
frequency must be 1030 Me. rogation condition, per second for a 15 pulse coded reply.

b. With an input signal level 3 db above c. Side-lobe suppression. The transponder 2_ Transponder repZy code capability/.
the minimum triggering level, the receiver must be suppres_t for a period of 35±10 Transponders must provide the following
bandwidth must be such that the receiver microseconds following receipt of a pulse code cap, ability:
accepts pulses as outlined in Appendlx A with pair of proper spacing and amplitude Indlca- a. Framing pulses (see par. 2.13a.).
an interrogation center frequency drift of tire of aide-lobe interrogation. This sup- b. Information pulses in all combinations
±0.2 Me. pression action mUst be capable of being of the A, B, C, and D subscript groups, to

c. Tl_e skirt bandwidth must be such that relnitlated for the full duration within 2 create 4090 codes (see par. 2.13b.).
the sensitivity of the receiver ls at least microseconds after the end of any suppres- c. Special position identification pulse
60 db down at ±25 Mc and beyond, sion period. The transponder must be sup- (SPI) (seepar. 2.13c.).

2.2 Receiver Sensitivity. a. The sengi- pressed with 99 percent efficiency over the 2.10 Reply transmission ]requency. The
tivtty of the receiver must be such that the received signal amplitude range from mini- center frequency of the reply transmission
minimum triggering level is at least --72 mum triggering level to 50 db above that must be 1090±3 Mc.
dbm but not greater than --80 dbm at not level and upon receipt of properly 2.11 Transmitter power output, a. For
less than 90 percent transponder efficiency as spaced interrogations when the received equipment intended for installation in air-
measured at the equipment antenna amplitude of Pffiis equal to or In excess of the craft which operate at altitudes above 15,000
terminal., received amplitude of P_ and spaced 2.0±0.15 feet (Class I), the transmitter power (peak

b. With the transponder adjusted to corn- microsecond from P_. pulse) must be between 24 and 30 db above
ply with paragraph a., the random triggering 2.7 Transponder dlscriminatio_ and _e- I watt at the transpondee antenna terminal
rate (sqnitter) must not be greater than five sensltizatlon---a. PU/Se wldt/t dlec_rlmtmgtlon, at any reply rate up to 1,200 per second for a
reply pulse groups or suppressions per sec- Received signals of amplitude between mini- 15-pulse coded reply. This standard aesttmes
end averaged over a period of at least 30 mum triggering level and at least 6 db above a transmission line loss of 3 db.
seconds, this level, and of a duration less than 0.3 b. For equipment intended for installation

c. Variation of sensitivity of the receiver microsecond, must not cause the transponder in aircraft which operate at altitudes not
between any mode on which tt is capable of to initiate more than 10 percent reply or exceeding 15,000 feet (Class II), the trans-
operating must be less than 1 db. suppression action. With the exception of mitrer power (peak pulse) must be between

d. The standards of this section assume pulses having amplitude v_xlations approxl- 20 and 28.5 db above 1 watt at the trans-
that the transmission line loss is 3 db and mating a normal interrogation or suppression ponder antenna terminal at any reply rate up
that a matched resonant, monopole antenna pulse pair condition, any pulse of a duration to 1,000 per second for a 15-pulse coded reply.
mounted on a large fiat highly conductive more than 1.5 microseconds must not cause This standard assumes a transmission line
ground plane is employed. In the event that the transponder to initiate reply or suppres- lots of 1.5 rib.
these assumed conditions do not apply, the sion action over the signal amplitude range c. In the event that the assumed trans-
equipment must he adjusted as necessary to from the minimum triggering level to 50 db mission line losses specified in subparagraphs
provide a sensitivity equivalent to that spee- above that level, a. and b. of this paragraph do not apply,
ifled, b. Echo supprcssloTt and recovery--(1) the equipment must be adjusted as neces-

2.3 Spurious responses. All spurions re- Echo suppresslo_t desensitization. Upon re- gary to provide a translnltter power output
sponass, including response to image ire- cetpt of any pulse more than 0.7 microsecond equivalent to that specified.
quen¢les, must he such that the response to in duration (desensitization pulse), the re- 2.12 Rep|y delay and _ttter. a. The time
such signals is at least 60 db down from the celver must be desensitized by an amount delay between the arrival, at the transponder
normal sensitivity of the receiver, that Is within at least 9 db of the amplitude input, of the leading edge of Pa, and the

2.4 Interrogation. The equipment must of the desensitizing pulse but m_LSt at no transmission of the leading edge of the
accept and reply to interrogations on at time exceed the amplitude of the desensttiz- first pulse of the reply must be 3_-0.5 micro-
least Modes 3/A and C. ing pulse except for overshoot during the seconds.b. The Jitter of the reply pulse code group

NOTZ: Interrogation Modes B and D as de- first microsecond following the desensitizing with respect to P, must not exceed -4-0.1
fined in Figure 1 have been agreed upon pulse.
internationally and their use may be specl- (2) Recovery. Following desensitization, microsecond for receiver input levels between
fled for certain flight operations. These the receiver must recover sensitivity (within 3 and 50 db above the minimum triggering

"modes may be provided as optional features 3 db of minimum triggering level) within level.
on transponder equipment. 15 micrceecond_s after reception of a de- c. Delay variations between modes on

2.5 Side-lobe ruppression. The equip- sensitizing pulse having a signal strength which the transponder is capable of reply-
merit must provide side-lobe suppression, up to 50 db above minimum triggering level, lng must not exceed 0.2 microsecond.

2.6 Decoding pertormance, a. Conditions Recovery must be nominally linear at an 2.13 Reply transmission pulse e_aracter-
under which transponder must reply. When average rate not exceeding 3.5 db per micro- tst_cs---a. Framing pulses. The reply rune-
selected to reply to a particular lnterrogatio_ second, tlon must employ a signal comprising two
mode, and with a signal amplitude range (3) Narrow pulses. Single pulses of dura- framing pulses spaced 20.3 microseconds
from the minimum triggering level to 50 db lion less than 0.7 microsecond must not cause measured leading-edge to leading-edge at
above that level, the transponder must reply deeensitizatton of duration or amount greater half-voltage points, as the most elementary

than that permitted in subparagraphs (1) code.
to at least 90 percent of the Interrogations or (2). b. ln]ormafton pulses. Information pulses
when al_ of the following conditions are met: c. Dead time. After reception of a proper spaced at intervals of 1.45 microseconds

(l) Either the received amplitude of P_ is interrogation, the transponder must reply measured leading-edge to leading-edge at the
in excess of a level of 9 dh above the received to no other Interrogation for the duration half-voltege points with the first pulse posl-

amplitude of P_ or no pulse is received of the reply pulse train. This dead time tioned IA_mlcroeccondsafte_ the first fram-
2±0.7mlorseecOndfoltowingPr must end no later _._n I_5 mlcro_conds ing pulse must be provided. The deelgna-

after the tranm_l_lo_ of the last reply pulse tlon of these pulses and their position with(2) The received amplitude of P_ is in ex- of the group.
cess of a level of 1 db below the received d. Rep_y rate control A sensitivity- respect to the first framing pulse is as fol-

amplitude of Pz. reduotlon type reply rate control must be lows:
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Pulse Portion (m_rosecor_s) on the antenna transmlmdon line by the (2) Following the temperature variation
C,_ ..................... 1,45 antenna must not exceed 1.5 : 1 when operat,- teet, the requirement of para_aph 9.1'/must
Az ..................... 9. 90 in K on the radio freque_clm of 10%0 and be met.
Cs ..................... 4. 85 1090 Me. 8.2 Humidifll. T_ equipment must be
A_ .................... 8. 80 2.18 lnterlcrenee sup_rea_to_ _lse re- tested In e_cordance With pare_ph 5 of
C. ..................... 7. 25 tq0o_se. If the equipment is designed to FAA Environmental Test Procedures. After
A, ..................... 8. 70 accept and respond to suppression pulses subjection to this test, and
X _ ..................... 10.16 from other electronic equipmel_t In the edr- a. Within 15 minutes from the time pri-
B_ ..................... 11.60 Craft (to dibble it while the other equipment mary power is applied, the receiver sensl-
D_ ..................... 18.05 is transmitting), the equipment must regain tivity must be within 3 db of that specified
B2 .....................14.50 normal se_sltlvlty,Within 3 db, not later in paragraph 2_ and the transmitterpower
D_ ..................... 15. 95 th_1 18 microseconds after the end of the output must be Within 3 db of that specified
B. ..................... 17.40 applied suppreulon pulse, in paragraph 2.11.
D, 18. 85 3.0 Mfntmum _er/ormo_kce standards un- b. Within 4 hours from the time primary

d_r en_ron_tai eo_dlt_o'_. Unle_ other- power is applied, the standards of paragraphs
The X pulse is referenced here for possible wise specified hereIn, the environmental test 2.1 a. and h.; 2,_; 2.10; 2.11; and 2.17 must

future use. procedures applicable to a determination of be met.
NOTZ: Details and nomenclature of the the performance of airborne ATC transponder 83 _hock. The equipment must be tested

transponder reply pulSe codes are set forth equipment under environmental conditions in accordance with paragraph 8 of PAA En-
in Appendix A. are contained in the FAA document for En- vlronmental Test Procedure_.

vironmental Test Procedures for Airborne a. Following the application of the 6G
c. 8pe_i_ position fdenttflcatto_z pulse Electronic Equipment set forth In TISO-Cg_ shocks, the standards of the following para-

(SPI). In addition to the information (30 F.R. 15553), hereafter referred to aa FAA graphs must be met: 2.1a.; 2._; 3._.(I);
pulses provided, a special position identifica- Environmental Teot Procedures. 2.6c.; 2.7b.; 2.7c.; 2.10; 3.11; 2.1_1; 2.13c.;
tion pulse, which may be used with any of 3.1 Temperature-aJt_t_e. The equip- 2.13d,; 2.13e.; and 2.17.
the other Information pulses upon request, merit must be tested In accordance with b. Following the application of the 15G
must be provided at a spacing 4_5 mlcrosec- paxagr_ph 4 of FAA Environmental Test Pro- shocks, the equipment must have remained
ends following the last framing pulse. When esdures for the category to which the tra_- In its mounting and no parte Of the equip.
replying to any mode of interrogation to ponder is designed, ment or its mounting become detached and
which the transponder is cap_ble, except a. Lowtempe_ture. (1) When the equip- frSe of the shock test eqnipment.
Mode C_,the selection of the SPI pulse must merit is subjected to this tset, the standards NOT_S: The application of the 1_ re'lock
be initiated by an IDENT switch. UPOn as- of the following paragraphs must be met: test m_ty result in damage to the equipment.
tivation of the ][DENT switch, the SPI pulse 2.1a; 2.2, except that at temperatures below Therefore, this test may be conducted after
must be tranmnltted for a period between 15 -- 15 ° C, the Semdtivtty must not be lea than the other tests are completed.
and 30 seconds and must be repe_tahle at any --69 dbm and the variation of sensitivity of 3.4 Vibration. The equipment must be
time. the receiver between any mode on which it tested in accordance with paragraph 7 of

d. Reply pu/_e shape. All reply pulses and is capable of operating must be isse than 2 FAA Environmental Test Procedures for the
SPI pulses must be 0.45±0.10 microsecond in db; 2.6a(1) ; 3.610(1) ; 2.6c; 2._b_ 3._c; 2.10; category to which the transponder ls
duration and have rise times of from 0.05 to 2.11_ 2.12, except that at temperatures below designed.
0.1 microsecond and decay times of from 0.05 -- 15 ° C the delay variation between modes a. When the equipment is subjected to
to 0_ microsecond. The pulse amplitude on which the transponder is cape, blc of re- this test, the s_ of the following
variation cf one pulse with respect to any plying must be le ,m than 0.4 microcecond; paragraphs must be met: 3.1a.; 2.2" 2.6a.(1) ;
other pulse in a reply train must not exceed 2.13c; 2.13d; and 3.18e. 2.6b.(1) ; 2.0c.; 2.7b.; 2.7c.; 2.10; 9.11; 2.13c.;
1 db. The rise and decay time may be less (3) FoUowln_ the low tecnperature test, 2.13d.; and 2.1_e.
providing the sideband radiation is no great- the requirements of paragraph 2,1"/ must be h. Following the vibration test, the re-
er than that which would be produced the- met. qutrements of paragraph 2.1"/ must be met.
oreticaily by a trapezoidal wave having the b. Htf]_ tempe_turc. (1) When the 3.5 Power_np_t. The equipment muet be
stated rise and decay time. equipment is subjected to the high Operating tested In accordance with paragraph 9 of

e. Repeal p_lse spo_ng tolerances. The temperature, the _ndards of the following FAA Environmental Test Procedure_.
pulse spacing tolerances for each pulse (in- paragraphs must be met: 2,13; 2.2, except a. Power t_put _rklt_O_. When the
eluding the last framing pulSe) with reepec_ that at temperatures above _-40e C, the equipment is suhJected to the voltage and
to the first framing pulseof the reply group sensitivity must not be lees than --69 dbm frequency variation test set forth in pm_-
must be ±0.10 microsecond. The pulse epac- and the variation of Sensitivity of the re- graph 9.1 of FAA Environmental Test Pro-
lng tolerance of the special position ldentifl- ceiver between any mode on which it is ceduree, the standards of the following para-
cation pulSe with respect to the last framing capable of operating must be less th_n 3 graphs must be met: 2.1a.; 2.q; 3.6a.(1);
pulSe of the reply group must be ±0.10 mi- rib; 3.6a(1); 2.6b(1); 2.6c; 2.7b; 3."/e; 3,10; 2.6b.(1); 2.6c.; 2.7b.; 3."/c.; 2.10; 2.11; 2.12;
cresecond. The pulse epacing tolerance of 2,11; 2.12, except that at temperstures above 2.13c.; 2.13d.; and 2.13e.
any pulse in the reply group with respect to -[-40* C the delay variation between modes h, Low voltaffc. (I) When the equipment
any other pulse (except the first framing on which the transponder is capahlc of re- is Subjected to the test specified In paragraph
pulse) must be no more than ±0.15 micro- plying must be leea than 0.4 nflerosecond; 9.2a. of FAA Environmental Test Frocadures
second. It must operate electrically and mech_txttcaliy.

2.14 Pressure-altitude transm_ston. The 2.13C; 2.13d; a3_l 3.15e.
(2) Following the high temperature test, Degradation of performance is permiesihle.

eqnipment must have the capability for auto- the requirements of paragraph 2.1'/ must (2) When the equipment is subjected to
marie pressure-altitude transmission in 100- bemet, the test specified in paragraph 9.2b.(1) of
foot increments on Mode C when operated in c. Altttud_e. (1) When the equipment is FAA Environmental Test Procedures, the
conjunction with a pressure-altitude encoder subjected to this test, the standards of the standards of paragraphs 2.1 a. and b.; 2.2;
(digitizer). The equipment must be capable following parag_l)hS must be met: 2.1a. 3.10; and 2.11 must be met.
of automatic reply to Mode C interrogations s,ud b.; 2.101 2.11; _nd _.l_d. (3) When the equipment is suh_ected to
with combinations of information pulses (2) Following the altitude test, the re- the test specified in paragraph 9.2b.(2) of
coded In binary form in 100-feet increments quirements of paragraph 2.1'/ must be met. FAA Environmental Te_t Procedures, there
necessary for the equipment to operate up d. Temperature verities. The equip- must be no evidence, external to the equip-
to desiEn maximum altitude. Automatic ment must be tested in accordance with ment, of the presence of fire or smoke.
pressure altitude transmission codes pulse paragraph 8 of FAA Environmental Test NOTZ: The application of this test may
position assignment are set forth in Ap- Procedures. result in damage to the equipment. There-
pcndix A. (I) When the equipment is subjected to fore, this test may be conducted after the

2.15 Mo'_tor. If a monitor is provided, this test, the standards of the following other tests are completed.
any malfunction that is likely to occur must pexagraphs must be met: _.la; 2.2, except 3.60omZucte_ #oltaffe transient. The
not degrade the transponder operation, that at temperatures below --16" C and equipment must be tested in accordance

2.16 Se|J-test. If a self-test feature ie above -{-40" O, the sensitivity must not be with paragraph 10 of the FAA Environmental
provided, any n_lfunction that is likely to lees than --69 dbm and the variation of Test Procedures. When the equipment is
occur must not degrade the transponder sensitivity of the receiver between any mode subjected to this test, the standards of pars-
operation, on which it is capable of operating must graphs 2.1 a. and b.; 2.2; 2.10; and 2.11 must

2.1"/ Antenna. The equipment antenna be less than 2 db; 2.6a(1); 2.6b(1); 2.6c; be met.
radiation pattern must be predominantly 2.71); 2."/c; _.10; 2.11; 2A2, except that at 3.7 Conducted au_fo/requency suseept_-
vertically polarized and be eseentiaUy omni- temperatures below --15" C and above +40" l_tl_t#. The equipment must be tested in
directional in the horizontal plane with a C, the delay variation between modes on accordance with paragraph 11 of FAA Envi-

ronmental Test Procedures. When, *the
nominal vertical beamwidth of at least :i=80 which the transponder is capable of reply- equipment is subjected to this _s_, the
degrees from the horizonte/plane. The volt- tug must be lem than 0.4 micresecond; 2,18c; standa.wls of paragraphs g.1 a. and b.; 2.2;
age standing wave ratio (VSWR) produced 2.13d; and2.1_e. 2.10; and 2.11 must be met.
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3.8 Audlolrequency maguetic .field sue- erly aligned and otherwise adjusted in ac- Mode 3/A ............ 8±0.2 mlcroecconds.
ceptlbfllt_. The equipment must be tested co,dance with the manufacturer's recom- Mode B .............. 17±0.2 microseconds.

In accordance with paragraph 12 of FAA m_d_ practlc_ prior to the _q_pllc_tion of Mode C .............. 21±0.2 mlcro_conds.
Envfron_ental Test Procedures. Whe_ the the specified teats. Mode D .............. 25±0.2 mlcroeeconds.

equipment is subjected to th_s test, the d. Test Instrument precautlon_. Due pre- The Interval between PI and P2 when P_ is
standards of p_ragra_hs 2.1 a. and b.; 2.2; caut4onsmust bet_kendur_gthe¢onductof used, must be 2.0±0.15 mlcroaeconds.
2.10; and 2,11 must be met. the testa to prevent the Introduction of er- Pulse shape. The.pulse envelope a_ deice-

3.9 Radio/requencl/ s1_ceptibilitp (radl- rors resulting from the Improper connection ted by a Linear detector must have a shape
ated ond conducted). The equipment must of headphones, voltmeters, cecilloecopes, and falling within the following lh_tta:
be tested In a_ordance wlth paragraph 13 other test tu_rumente across the Input and (1) Pu/se rise time, The tlme required for
of FAA Envlronmental Test Procedures. output Impedances of the equipment under . the leading edge of pulses P, P=, and P_ to
When the equipment is subjected _o this test.
test, the standards of paragraphs 2.1 a. and e. Ambient conditlons. Unless otherwise rise from I0 to 90 percent of Its maximumvoltage amplitUde must be between 0.05 and
b.; 2.10; and 2.11 must be met. specified, all tests must be conducted under OA microsecond.

3,10 Eml_lo_ o_ radio_requency energy, conditions of ambient room temperature, (2_ Pulse ]aIl tlme. The ttme required for
The equipment must be tested.in accordance pre_Itre and humidity. However, the room the trailing edge of pulses PI, P-_, and P:, to
wlth Appendix A of FAA Environmental Test temperature must not be lower than I0" C. fall from 90 to i0 percent of Its maximum

Procedures for the category to which the f. Warm-up period. Unless o t h e r w I s e voltage amplitude must be between 0.05 and
transponder Is designed. In addition to the specified, all _ts must be conducted after 0.2 mlcro6econd.

maximum levels of radiated CW, broadband a warm-up perlod of not less than fifteen (3) Pulse duration. The duration of pulse

and pulsed CW Interference between the (15) minutes. P,, P_ and P_ must be 0.8±0.1 microsecond
limits of 0.I and I000 megacycles there Specl- g. Connected lo_. Unless otherwise spec- measured at the h_If-voltage points.
fled, the maximum levels of radiated CW, tried, all testa must be performed with the I. Code nome_lature. The code designs-
broadband and pulsed CW Interference be- equipment connected to loads having the ira- lions consul of four digits each of which lies
tween the frequency limits of 1000 and _ parlance value for which it is des_ned, between 0 and 7, Inclusive, and consist of the
megacycles are limited to those shown in h. f_tterrogatlon test signal The charac- sum of the numerical subscripts of the pulse

Flg_ 20, 2f, 22, and 23 for I000 mega- teri_tlcs of the interrogation test signal are: employed as follows:
cycles for the category to which the trans- R_o_requency. The frequency of the
ponder is designed, signal generator cecillator must be 1030 mc Pulse

3.11 Ezp/oston (f_ required). The equip- ±0.01 percent. Digit group

ment must he tested in accordance with CW output. CW output between pulses First ................... A
paragraph 14 of FAA Environmental Test must be at lee_t 60 db below the peak level Second ................. B
Procedures. During the application of this of the pulses. Third .................. C

test, the equipment must cause no detona- I_terrog_tion. The Interrogation must Fourth ................. D
lion of the explosive mixture within the test comfier of two trs-_mltted pUis_ designated .Ezamples.

chamber. P_ and P:. When providing slde-lobe sup- I. Code 3600 conslsts of Information pulses
ae_mx _ preston the b_dc tnterro_atlon is supple- A_, A_, B._, B,.

merited by pules P._ tr_r_tted after Pr 2. Code 2057 consiStS of A_ C_, C e D_, 13_,
1.0 Test conditions. The following def~ T_e ampUtude o_ Ps mu_t no_ be more than D,.

tnltAons c_ teems and cond_tlorm of test I db below the r_l_ted ampl_tude of Pr J. Minimum trlg@erin_ l_vel (MTL).

ar_ applicable to the ATC transponder equip- Pu_e eodf_. _ interval, measured Means the lowest level of signal to which the
ment. leading-edge, to leading-edge at half voltage transponder will reply to 90 percent of the

a. Power InFat voltage_Dlrect current, points, between P_ and P=, Is as follows: received interrogations.

Unless otherwise specified, when the equip-

ment isde:_gnedforoperationfromadi,eet ATCRBS INTERROGATION MODES
current power source, all measurements

must be conducted with the power input MODE APPLICATION CHARACTERISTIC

voltage adjusted to 13.75 volts, ±2 percent _ s_

for 12-14 volt equipment, or to 27.5 volts, _/A COMMON (ATC) _ rL
_2 percent for 24-28 volt equipment. The i
Input volts4_e must be measured at t_e . _, Ir_¢ =

equipment power input terminals. B CIVIL (ATC) ,.o;_=._¢_ j_ _L
b. POWer input voltage--Alternati_tg cur-

rent. Unless otherwise specified, when the - _ Z_ --

equipment Is designed for operation from C CIVIL (ALTITUDE) __ fL
an altexnating current power source, all '_,
tests must be conducted with the power In- _] _,¢

put voltage adjusted to design voltage ±2 D CIVIL (UNASSIGNED) _ _.
percent. In the case of equipment designed _ _, es
for operation from a power source of es-

sentially oonsta_t frequency (e.g., 400 Cl_),

the input frequency must be adjusted tO de- TRANSPONDER REPLY CODES

sign ±2 percent. In the case of equipment
designed for operation from a power source _oo_ _/_ (_o__ _-L_L_LfLJL_j_,t.

of variable frequency (e._., 350 to 1004) cps),
tests must be conducted with the input _¢_ _,=!

LEAO4_GSOGElrQ O L411 _J 4.$S ua _._ s.r i4tM, lt.s I$o_ _4s _95 174 m._ _ 1:4.SS
frequency adjusted to within 5 percent of a te_om,e e_

selected frequency within the range for

which the equipment is designed.

c. Adjustment o/equipment. The circuits so_c_vu_ _e cut.sea _ ¢, _ q= _= _ a, _.. s, s, d, e_ =, _ rs

of the equipment under test must be prop- F_u_ 1. ATCR_, IMTL_OG&TION MODES A_D REPLT CODL_.

- 7-



[i_ iii-,ii_iiiiii_iiiiiiiiiiii_iii/, _

J

- 8-


