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FOREWORD

This report was prepared within the Electronics Technology Lab—

oratory of the Georgia Tech Engineering Experiment Station. The

investigation results documented by this report were in accordance

with Contract DOT—FA74WA—3372 and were under the general supervision

of Mr. D. W. Robertson, Laboratory Director . Mr. J. C. Toler, Head
i i i  the  Electromagnetic Compatibility Group, was the Project Director .

‘Ilils report summarizes the activities directed to developing recom—

men dat ions for Federal Aviation Administration adoption regarding

radiated electromagnetic emission and iiuaceptibillty tests.

The authors wish to express their appreciation to Mr. Richard S.

Smith and Mr. Lee DeHart for their assistance tn conducting evaluat ions

on t h e various hooded antenru ’ configurations and to Mr. Bernard H.

Jenk ins for his consultation regarding hooded antenna design.
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I . I ~r I I ~ n)u(~I ION

Iiie movemen t of large numbers of persons traveling ‘r pleasure and

b usi ness purposes is h igh ly  dependen t on a safe and e f f i c i e n t  air  t r . in s—
p ort ~lt Ion system . This system must be capable of acconinodating an esti—

mated annual increase in traveler enpianements of eight to nine percent

-md an increase in production of general aviation aircraft that approaches

10 , 000 yearly [11. Using these estimates , air transportation forecasters

now predict that air transportation in the United States could increase by

.is much as six percent per year and thereby double over the next 12 years.

(:on(~c•rns resulting from these estimates include the fact that there are

no corresponding indicat ions that either the number of major airports , the

iiuml,v r of runways , the altitude range available for aircraft use, or the

;imniul t of radio spectrum al located air traffic control purposes will (1011h1e.

(
~~nse~quent1y, the future appears to offer a situation in which a continti—

a l l y increasing number of travelers will attempt to use an air transporta-

tion system that (1) is already operating at near maximum capacity in

many instances and (2) will experience at best a low rate of expansion

over the next decade.

With this situation in mind , the Federal Aviation Administration (FAA )

has undertaken numerous efforts aimed at maintaining the .current high level

of fli ght safety and reliability . This research program , directed to de—

vt~loping Electromagnetic Compatibility con trol documents for FM adoption ,

i~
, representative of these efforts. Electromagnetic Compatibility (KMC)

I s  a toehnlcal disci p l ine concerned wit h electromagnetic performance (leg—

r:td:it I on 1)1 elect ran Ic: devices as they funct Ion in the I r operat I (11111 1

ç .fl y i r onment . Under thi s program, the reseiirt~h oh ~e~ct I vt has been I u dev~ In~i

EMC dociimen tat  Ion that can be (I ) iiswl xis xi FM management giu ide in g •HI i ih—

i S s u i ng an effective FMC control program and (2) contractually Imposed on

FAA procurements to assure that electromagnetic design and test require—
flK•nts are adequately considered. The developed documents have numbered

l otir and , In addition to this document , are titled as follows :

. Electromagnetic Compatibility Rationale Report——Conduc ted Tent

Requirements for Electronic Equipments in Air Transportation

Fiie fifties , Report No. FAA--RD—76—69 .



• Handbook for Electromagnetic Compatibility Design of Electronic

Equipments, Report No. FAA—R D— 76—7 1.

• Electromagnetic Compatibility Program Plan, Report No. FAA— RD— 76— 75.

This document , concerned with the rationale supporting radiated test require-

ments rec~~~ended for FAA equipment, was developed during a research effort

that included surveys of representative FAA facilities, interviews with FAA
personnel in both operational and management positions, analyses of FAA pro-

curement methods, classification of FAA equipment into electromagnetic crit-

icality categories, technical exchanges with other government agencies with

E~’C responsibilities, and an intensive evaluation of the adequacy of currently

imposed military EMC standards [2], [3]. It is organized to provide a glos-

sary of applicable terminology (Sect ion 2) ininediately following this intro-
duction (Section 1). Next, applicable documents and the equipment classifi-

cations are provided (Section 3). Then, the rationale for radiated test

requirements (Section 4) is presented and test method recoimeendations are
provided (Section 5). Finally, referenced documents are listed (Section 6)

and an append ix is provided that stipulates editorial modifications by which

recommended procedures may be incorporated into existing military EMC standards.
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TERMINO LOGY

.4 A c l ea r ly  defined terminology is essential to the e f f ic ien t  conirnuni—
cat ion of concepts and requirements in any technical discipline area.

This in par t icu lar ly  true within the EMC discipline because of both the
simi larity between many commonly used terms and the expanding number of

areas where electromagnetic interactions have become a matter of concern .

Numerous EMC terminologies for specific technical applications have

been documented , but because of their narrow range of applicability, they
have often tended to become a barrier to the effective communication of

broader EMC concerns. To assure that this difficulty is avoided within

the FAA , the ~71C terminology presented In MIL— STD—463 14] is recomended.

Although this terminology is directed to military applications, there is

more than adequat e functional overlap to permit an easy transfer f r om
military to FAA electronic equipments. To expedite usage of this docu-

men t , definitions of fundanental EMC terms are transferred from military

language to FAA language and presented herein. Additionally, technical

terms peculiar to this document and not included in MIL—STD—463 are defined .

These d e f i n i t i o n s  p lus  those In MI L— STD —463 prov ide a sufficient base for
the  ommun lcat ion of ~.1C concepts and requirements w i t h i n  the FM.

El ectromagnetic Compatibility——The capability of electronic

e q u i p m en ts In air transportation facilities to operate , with

a d e f i n ed m arg in of safety ,  in their operational environment
and at designed levels of e f f i c iency without performance deg-
radation due to electromagnet ic interactions.

Electromagnetic Emission——Electromagnetic energy propagated
f rom source via  e i the r  radiation (air  coupling) or conduc t ion
(w i  re ( - o t i p i  ing)

E l e ct  rn ma~g~~ t ic_ in t e r fe ren ce—— Th e m a n i f e s t a t i o n  of an electro—
m a g n e t i c  emission incident  on a suscept ible  electronic equipment .

E lec t romagnetic St~sceptibility——The character is t ic  of an elec-
t ron ic  equipmen t tha t permits performance degradation as a
r e s u l t  of exposure to an electromagnetic emission.

3
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Electronic Equipment-—An assemblage of circuit devices mounted
in a chassis and designed to perform either a signal gener ation
or conditioning function within an air transportation facility .

Electronic Subsystem——A configuration of multiple electronic

equipments interconnected via either air or wire coupling and
performing an air transportation facility function that is
generally more complex than that performed by an Individual
equipment.

Electronic System——A configuration of multiple electronic sub-

systems interconnected via either air or wire coupling and
performing an air transportation facility function that is

generally more complex than that performed by an individual
subsys tern.

4 
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~~. EQUIPMENT CLASSIFICATION

During early phases of this program , a t ten t ion was di rected to the matt er

of establ is!u ing an equip ment classification listing for use durin g subsequent

u onsidcrati.ns regarding equipment cr i t ical i ty versus applicable test methods.

Howeve r , pr ior  to adopt ing such a l isting , it was necessary to define more

prec i sely what was to const i tu te  an equipment. It was noted tha t the term
“equ lpmcnt ’ was not defined in MIL—STD — 46 3 and that  MTL—ST D— 461A end MI L-

STD—46 2 gene r a l l y  considered an equipment to consist of an ind ividual e l e~ —

t r t r a l  or e lectronic  chassis with its associated cab l ing. Essentially , a l l
of the  f i gures (for  example , Figure REO2— l , MIL—STD —462 , Typical Test Setup

for Radiated Measurements) depicting test configurat ions show an individual

chassis positioned on top of a workbench and bonded to the ground reference

plane covering the bench top. It was noted that the 1958 version of MTL— I —

26600 shows a radiated test configuration for a group of individual equipments

mounted in a single rack and supposedly interconnected in such a way that

t hey collectively perform some single function . It was also noted tha t the
spec i f i c  equipment names given in Table I of MIL— STD—46 1A were , for the most

par t , indicat ive of electrical and electronic devices housed in an individual

chn~ sis. For example , receivers, transmitters, counters , oscilloscopes ,
powe r supplies , signal generators , auto—pilots , f l ight  instruments , arc

welders , electrical gauges, etc. are typical listings for communication and

non—communication equipments.

In  one instance , computers and digital equipments are mentioned as cx—

an’.ples of non—antenn a communication—electronic equipments. In reviewing

othe r sources of information regarding MIL—STD—46lA and MIL—STD—462, it

was noted that  figures depicting the various test configurations were de—
scrihed as tending “to imply that the test item is either small (e.g., a

few - i i h l c  feet ~
- 0.1 m 3 , or less) or consists of only one or two black

boxes with  power and interconnecting cab les [5 1.

• The f igures  in MIL— STD—46lA and MIL—STD—462 , therefore , convey a con—

cep t of an equipment as an assemblage of electronic components housed in an

I n d i v i d u a l  chassis and interconnected to perform an ident i f iable  funct ion .
i f  t h i s  concept were extended , a system would become an assemblage of equip—

m ont H t y p i c a l l y  hou sed in a mult i—rack configuration and interconnected 
to5



pe r fo rm mult iple interrelated or sequential functions. Somewhat between

th& extremes of a single chassis equipment and a multi—rack system con-
figuration of chasses would exist a subsystem level involving a limited

number of individual equipments performing a few identifiable functions.
When equipments, subsystems, and systems were viewed in this sense

am surveys were made of major FAA faci l i t ies, it became obvious that a
high percentage of the critical electronic devices mmst be classified as
systems rather than equipments. This classification resulted from the

f&’t that these electronic devices were mult i—rack configurat iens of cx—
te iaively interconnected equipments which performed complex and interrelated

functions . In most cases , the name given to these conf igurations indicated
that  they were considered to represent systems, not ind ividual equipments.
A typical example of such a system was the Central Computer Complex (CCC )
that consisted of the following:

• System Control Console

• Computing Unit

• Storage Unit

• High Speed Printer

• Printer a~id Keyboard

• Disk Storage Unit

• Time Source Unit

• Data Receiver Group

• Data Control Unit

• Tape Drive Unit

• Tape Control Unit

• Random Access Plan Position Indicator

• Interface Control Unit

• Card Read and Punch Unit

• Input/Output Control Unit

6



• Peripheral Adapter Unit

• Switching Unit

• Fligh t Strip Pr inter

• Flight Strip Printer Control Unit

• System Maintenance Monitor Console

Additional examples of system configurations would include the Radar Dis-

play System (RDS), the Remoter Transmitter/Receiver (RTR ) System, the

Tnstruanent Landing System (Its), the Automated Radar Terminal System (ARTS) ,

etc. These systems are not consistent with the “test items” for which

MIL-STD—461A and MIL—STD-462 provide test methods and performance limits.

Discussions of this matter with FAA management personnel resulted

in a directive to consider devices consistent with those presently ad—

dressed by MIL—STD—46lA and MIL—STD—462 during this program. Subsequently,

standards applicable to system level devices could be developed by FAA

if a demonstrated need was shown to exist.

Surveys of FAA facilities revealed a large number of electronic de-

vices conforming to the MIL—STD—46 1.A and MIL— STD—462 concept of an equip-

ment. Typical of these were numerous Very High Frequency (VHF) and Ultra-
High Frequency (UHF) transmitters and receivers, tape recorders, regulated

output amplifiers (ROA), teletype units, time code generators (TCG), backup

emergency communication (BUEC) devices, radio frequency monitors, inner

and outer markers, ground movement radars, etc. In addition there was an

appreciab le number of standard electronic equipments commonly used for

test purposes. These equipments included oscilloscopes, counters, spectrum

analyzers , signal sources, power supplies, etc.

When nnnlyzing these equipments for the purpose of developing a suit—

,ible equipmen t classification procedure , efforts were made to conform to

t hus classificat ion commonly used by facility personnel. This classiflia—

tion separated equipments into the following four categories: (I) corn—

munlcations, (2) automated processing, (3) electro—mechanical , and

(4) navigational aids. Although usefu l f or many purposes, this classif I—
cat ion schem. could not be adopted for identifying which equipments were

required to comply with the applicable ENC test methods. The 
major7



difficulty lay in the fact tha t a classification method based on equipment
ty~e, not utilization, was necessary. Without the type—oriented classifi-
cation, transmitters and receivers, for example, would be classified in
t hree (communications , automated processing, and navigation aids) of the
four above categories. Consequently, an equipment classification patterned

after the one used in MIL—STD—46lA was adopted and is presented in Table I.
Claas designations used in this table incorporate some of the features of
the classification commonly used by FAA field personnel, yet differ enough
to make possible a classification scheme that assigns individual equip-
ments to only one category. I t  is important to note that numerous elec-
tronic devices which must now be classified as either subsystems or systems
may qua l ify  as an equipment in the not—to—dis tant  future. This situation

~esults because the use of solid state circuitry continues to reduce device

* ize and , therefore, make bench mounting more feasible. As this occurs,
these newly designated equipments must be added under their appropriate
cie~tignation in Table I. The Class I designation in Table I identifies
eq~lipments that are critical to safe and reliable air transportation;
therefore, test requirements for these equipments must be stringent. Equip-

ments in Classes II and III are progressively less critical, and the strin-
gency of their test requirements can decline correspondingly.
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TABLE I

EQUIP)~ NT CLASSI FICATION

Class
Designation Equipment Description

Communication—Electronic (C—E) Equipments

All electronic equipments which in their operation trans-
mit, receive, generate, store , or process information.
Included in this classification are transmitters with
antennas , receivers with  antennas, transceivers with an-
tennas, regulated output amplifiers, backup emergency
communication equipment , inner and outer markers , plnn
view displays, etc.

11 Electronic Equipments

All electronic equipments which are not Class I. In-
cluded in this classification are oscilloscopes, signal
sources, test sets, counters, spectrum analyzers, time
code generators, radio frequency monitors, etc.

III Electro—Mechanical Equipments

All equipments which in their operation have both a me-
chanical and electrical/electronic function. Included
in this classification are teletype machines, por table
electric tools, repair shop equipment , kitchen and/or
lounge equipment, office devices, etc.

IV Motor Vehicles and Engine—Driven Equipments

I VA All motor—driven v II, Ic 1 es wh I cii i n  t tic I r ope m t  I ~ ii nuiy
interrupt normal operat ions via ign i t ion  system radia-
tion. Includea are tug vehicles at airports , maintunance
and installation vehicles used at remote C—B sites, etc.

IVB All engine—driven equipments which in their operation may
emit interference signals from an ignition system or com-
mutator. Included are gasoline engines, motor—generators ,
etc.
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4. RAT I ONAL E FOI~ RECOMMENDATIONS

4.1 Approach

In e f f o r t s  to determine whether FAA equipments required part icular
types  of radiated tests , it was necessary to establish an analysis procedure

that assured consideration of major influencing factors in a consistent and

systematic manner. This procedure basically involved answering a series of

questions while analyzing the technical aspects of test methods currently

specified by MIL—STD—46lA and MIL—STD—462. The questions asked were not

equal ly applicable to every test method analysis, and no effort was made

t O  treat them as such; however, they provided a satisfactory basis for the

in .ilysls procedure. The questions asked and the information base asso I—

;ited with each were as follows:

• What equipments exist at FAA facilities , what are their modes

of operation , and how are they installed?

Information relative to this question was obtained primarily

via surveys conducted at a representat ive cross—section of FAA

facilities. For example, the Air Route Traffic Control Centers

(ARTCC) at Hampton, GA and Nashville, TN were surveyed as was the

Fl ight Service Station (FSS) in Atlanta, GA , and the Air Traffic

Control Towers (ATCT) and Terminals at Hartsfield Airport in Atlant a ,

(;A , the International Airport In Memphis, TN , and the Huntsville/

Ma di son County Airport In Huntsville , AL. In addition , surveys of

equipmen t grounding and installation practices at numerous othe r

iacI iItt es were conducted under an earUer contract (Contract No.

IRYr— FA72WA—2850) and were app l h :ihlt. to  t h i n  e f f o r t . These ul her

fac il itie s Included the long range radar sites at Atken , SC and

Smyrna , CA , the ATCT at Jacksonville , FL , and the airport at Robins

Air Force Base, GA.

• What electiomagnetic interference and/or suscept ibility problems

exist now i r have existed in the past in FAA fac i l i t i e s?

Answers to this question were obtained pr imarily through forma l

and Inf orma l meet ings with F/tA personnel at the facilities surveyed .
AddItion a lly, meetings were held wit h engineering groups within the

l~M Soiit 1 i n  st Meg Ion Of fice in At I in I a , CA and w i t  Ii personne l In  t Iii
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FM ARD—350 project management office in Washington , D.C. The

meetings generally followed the format of technical discussions
and interv iews during which emphasis was placed on descriptions

of the number, nature, and resolution of observed Interference

and susceptibility problems. The dominate result of these meet-
ings was that most ENC problems are “environment related” and in-
volve transmitters and receivers. There was little or no report
of interference , either conducted or radiated , between non—communi-

cation equipments. Also , it was learned that the persons inter-
viewed had no definite knowledge of the electromagnetic environment

within their facilities and no analyses were planned to determine

(I) what electromagnetic influence new equipments might have on the

re l iab le  operat ion of exist ing equipments or (2) what electromag-
ne t ic  influence the existing equipments might have on the reliable

operation of new equipments.  It was also evident that fac i l i ty  and
reg ion office personnel have almost no information regarding the

extent to which equipments in FAA facilities have complied with

radiated test requirements in currently imposed EMC standards .

In addition to interviews with FAA personnel, a limited lit-

erature search was conducted to ferret out reports of interference

and susceptibility problems at FAA facilities. This search yielded

less than twenty relevant reports, most of which reinforced the in-

formation obtained via interview.

• What are the technical j u s t i f i c a t i o n s  for  the present test require-

ments in MIL— STD— 4 61A and MI L.—S TD— 462 , and what changes are planned

in these requi rements?

A formal meeting was held with Navy personnel responsible for

efforts of the tn —service EMC standards conunittee to obtain infor-

mation in this area. Additionally, a subsequent meeting was held

with the Air Force representative of this cousnittee todiscuss matters

in this area. No written or published information delineating jur—

isdictions for present requirements was obtained. Although first

plans for modifying the existing standards have been underway for

12
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approximately three years, no information regarding the nature of

planned changes was available. It was concluded that information

j u s t i f y i n g  requirements in the present standards Is either non-
existent or is scattered through numerous documents, some of which
may not  be generally available.

• What are the characteristics of electromagnetic environments in
FM fac i l i t i e s?

This information was obtained from a series of FAA reports

prepared by American Electronics laboratory under Contract No.

I)OT-FA72—NA—728 161— 1 91 . These reports present data from extensive

electromagnetic tests conducted to measure radiated and conducted

i’mIsslon and susceptibility characteristics in selected ARTCC facil—

ities. The facilities surveyed included the centers at Oakland , CA ,

Los Angeles, CA, and New York, NY. Measurement procedures were either

verbatim or modified versions of these In MIL—STD—461A and MIL—STD—

462. When modified versions of the military standard measurement

procedu r es we re used , the technical basis for the modification was
generally not provided. Also, it was not indicated whether the

equipments tested had complied with applicable portions of any F)4C

standard. In some cases, the recommendations tended to be incon-

citis ive in that further investigations were suggested .

• Is It feasible to specify performance of electromagnetic emission

tests without comp lementary electromagnetic susceptibil ity t e s t s ,

and vice versa?

A major tennent of the EMC philosophy recommended for FAA imp le-

mentation in the Program Plan dealt with how equipment leve l test

data were to be used . This philosophy requires that , where posaibl e,

bot h emission and susceptibility test data be obtained for each

equipment  in a manner such tha t suscep t ib i l i ty  cha racter is t ics  of
each equipment can be analyzed re la t ive  to the emission character is—

ics of all other equipments. Therefore, in analyzing the need for

p ;irtit~iiln r types of tests, efforts were made to assure that both

u’mission and susceptibility data were obtained over the same fre—

que~ruy rang e and I n  the same e l e c t r i ca l  un l ts .

13
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• What is the rationale f or the radiated teSt methods currently

spec ified by MIL—STD—461A and MIL—STD—462?

Knowledge of this rationale would have been invaluable in de-

termining the applicability of present test methods to PU needs.

However, essentially no documentation presenting this rationale

was available; consequently, the extent to which it applies to FAA
needs is one of conjecture. In limited instances it was possible

to postulate why certain agencies wi th i n t h e  Department of Defense

desired specific test methods, but the technical considerations

underlying the present test methods are unknown.

• Based on a technical analysis of MIL—STD—46LA and MIL—STD—462

teat methods, to what extent do they appear to be adequate

for FAA equipments?

Information in this area was gained by conducting a method—by—
method analysis including the applicable modifications stipulated by

notices to essentially every test method in MIL—ST D—46lA and MIL—
STD-462.

As noted earlier , the procedur e used in determining the need for
specific types of radiated tests consisted of answering the above ques-

tions while analyzing each test method in MIL—STD—461A and MIL—STD-462.

The results of this analysis procedure are presented in the following

paragraphs.

4.2 Test Method REO1, Radiated Emiss~on~, Iz kHz~~ Maatletic Field

The stated purpose of this test method is to measure magnetic

f i e l d  levels from electrical and e lec t ro—m ecl ian ica l  equi l pmt ’nt s  over a ‘U) liz

to 30 kllz frequency range. The test procedure requires the use of a loop

sensor and EMI meter to measure magnetic field radiation from “each unit ,

cable (including control, pulse, IF, video , antenna transmission lines, and
power cables), and interconnecting wiring.” With the exception of antenna

emana t ions , the procedure is applicable to transmitter fundamental , spurious,
and oscillator radiations. Equipments that operate at frequencies above

14



30 MHz are exempt from this procedure. Performance of the test involves

probing each surface and every cable of an equipment with a loop sensor

positioned for maximum pickup. A separation distance of seven centimeters

is to be maintained between the sensor and the radiating surface. As each

equipment surface and cable are probed , the frequency of the EMI meter is

scanned from 30 Hz to 30 kliz, and the bandwidth is maintained no greater

than 10 Hz at the three dB points. The ~4l meter output level is recorded

for each surface and cable at critical frequenciei~ associated with the

equipment ’s design (power , power harmonic , local oscillator , etc.) fre-

quencies , at two frequencies of maximum radiation per octave below 200 Hz,

and at three frequencies of maximum radiation per octave above 200 Hz.

In MIL—STD—462 modifications, the Air Force (Notice 2) has deleted the

requirement for this test in its entirety. The Army (Notice 3, MIL—STD—462)

maintains the test requirement essentially verbatim.

In analyzing the applicability of this test method to FAA equipment ,
several uncertainties regarding the test procedure arose. For example,

M!i.—STD-.462 states that the test is not applicable to equipments “operating”

at frequencies above 30 MHz. It is not clear whether this frequency bound

refers to the fundamental of the radiated signal or to the “operating” fre—

(ltIen(’y of equipment local oscillators, IF amplifiers , etc. It was assumed

th;ir the test method did not apply to equipments with fundamental operating

frequencies above 30 MHz. Also , in MIL—STD—46lA, paragraphs 5.2.1(a) and

5.2.1(b), requirements for the two different loop sensors (one for emission

tests , another for susceptibility tests) are presented . In referring to

the figures concerned with effective height and basic construction details ,

there are obvious errors in the specified figures. These errors are not

corrected by subsequent notices to the standards. In addition to uncer-

taintie s in interpreting the teat method applicability and to technical

er r or s  i n descr ib ing  sensor construction , the test procedure also requires

‘ilmuilta nc .oi,s performanc e of several difficul t tasks. For example , it Is

iit ~c:t~sHtiry :uenrd ing to the test proced ure to simultaneously vary the •ulp—

nent under test through Its mode of operation while probing surfaces and/

or cables and while scanning the EM! meter frequency range.

The efforts to determine applicability of this teat method not only

I nvolved trying to understand the technical requirements of the specified

15



teil t procedure , but also efforts to establish whether equipments in FAA

facilities required tests for radiated field emissions In the 30 Hz to

30 kHz frequency range. Interviews with personnel at a cross—section of

FAA facilities and surveys of equipments at these facilities revealed no

interference problems attributable to low frequency magnetic field emis—

sions. The only observed emitter of intense magnetic fields at FAA facil-

ities was the 60 Hz comeercial power source, and equipments must of

necessity be compatible with their primary power. In the Los Angeles
ARTCC [10], it was concluded that “no malfunctions of other equipment

due to magnetic emissions were found” during a series of extensive radi—

at,~d emission measurements. Based on a similar measurement series at the

New York ARTCC [111, it was concluded that “magnetic field emissions from

automated system equipment does not represent a problem area” and that
“no malfunctions of automated or non—automated equipment due to magnetic

field emissions have occurred.” Further , low frequency radiated measure-

ments at the Oakland ARTCC [12] led to the conclusion tha t since “low
levels of emission were found during the test” and “no malfunctions of
automated or non—automated equipment due to magnetic field emissions

have occurred ,” magnetic field emission “does not present a problem area.”

It should be noted that at each of the ARTCC facilities, MIL—STD—46lA

limits for low frequency magnetic field emissions were exceeded in at

least one test location and over Boise portion of ~he applicable frequency
range. In spite of this, no past malfunctions of equipment were reported

and none were observed during the measurement series.

Efforts to determine the technical, basis for low frequency magnetic

field emission tests required by MTL—STD—461A and MIL—STI)-462 were gen-

erally unsuccessful; however , in one source 113 1 , abbreviated comments

noted tha t  “REOl tests are intended primaril y for equipments and sub-
systems to be installed in submarines and should not be used for other

app lications unless specifically required by the procuring activity.”

This same source also commended that the limits and test procedures for

iow frequency magnetic field emission tests “do not apply to test items

other than those inside submarines .”

16

- 

~~~



4.3 Test Met hod RSO1, Radiated Susceptibility, 30 Hz to 30 kHz,

Ma&netic Field

Th~ s t a t e d  purpose ~f this teat method is to determine the sus—

~~~ Ib i h i t y  of Class I (communication—electronic ) equipments dur ing expo—

sire to rad iated magnetic fields in the 30 Hz to 30 kflz frequern-y range .

F.quipmcnt s of primary concern are receivers , transmitters , Counters , oscil-

losc opes, signal  genera tors , comp uters , power supplies , etc. and t h e i r

associated cables and connectors. The test method is not applicable to

quipments operat ing at frequencies greater than 30 MHz. In most respects ,

the test procedures are a counterpart to those in Test Method REO1; however ,

several differences (REO1 requires a seven centimeter separation distance

between test item and loop sensor , while in this test method , the distance

is five centimeters) exist and are unexplained . The test procedure requires

that each surface , cable, and connector associated with an equipment be

t ’X posl~’(I to a magnetic field with a flux density that decreases at a rate

of 40 dli per decade from 140 dBpT at 30 Hz to 20 dBpT at 30 kHz. This is

:u’i-on upllshav d by slowly moving the loop sensor over surfaces , cables , and

connect or s  while scanning the 30 Hz to 30 kHz frequency range and observing

performance of the  equipment under test. The practical difficulty associated

wit h simultaneously tuning the signal source , moving the loop sensor , tuning

(1w EMI meter used to monitor the exposure field magnitude , adjusting the

current through the ioop to set the exposure field magnitude, and observing

performance of the equipment has been noted (14] by those attempting to

perform this test in accordance with the specified procedures.

In modifications to MIL—STD—46lA , the Air Force (Notice 3) deleted

t h e  requ i rement for this test in its entirety. The Army (Notice 4) main—

t ; i l n c d  t h e  t est method , but ma4e It app licable to airborne surveillan t ,

4 Om p ; I M M , - m d  d a t a  a n n o t a t i o n  equi pmen t s  onl y .

‘ h u e  ; m i i . i l y s l s  p ror ed,ir e to determine whether this test method was

- 1 1 1 1 11 I rah i e t o  FAA equipment s fa t  towed a course very  much li ke t h a t  or

l i ’~~t MiS’ hod NEOI.  Personnel at FAA facilities were aware of no ~~~~~ or

present In t e r f e r e n c e  problems that could be attributed to low frequenc y

m a g n e t i c  fl ei r l susceptibility. The measurement series (6]— [9] performed
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at the Los Angeles, New York , and Oakland ARTCC facilities used the radi-
ated susceptibility test procedure in Test Method RS02; therefore, no

data obtained in accordance with Test Method RSO1 are available. Efforts

to de termine the technical basis f or this test revealed only that the

U n i t s  and tes t procedures “are generally applicable to Navy equipments

that would be used inside submarines, or f or airborne ASV equipments of

specialized types. Otherwise , RSO1 is not applicable to military elec-

tronic systems” [15].

4.4 Test Method REO2, Radiated Emission, 14 k}Iz to 10 G}lz,

Electric Field

4.4.1 General

The stated purpose of this test method is to measure narrowband

an~ broadband rad iated electromagnetic emissions from electronic , alec—

trLcal , and electromechanical equipment over a general frequency range

of 14 kHz to 10 GHz. The test method is applicab le to essentially all

radiated emissions (antenn a radiations excepted) from equipments , cables,

and Interconnecting wiring. The frequency ranges of measurement appli-

cabi lity are as follows:

(i) Electronic equipment —

(a) Narrowband emissions — “14 kHz to 10 times the
highest used or intent ionally generated frequency ,
or 1 GHz, whichever is greater; however , the mea-
surement frequency shall not exceed 10 GHz.”

(b) Broadband emissions — 14 kHz to 1 GHz.

(Ii) Electrical equipment , except handtools — 150 kHz to 400 MHz.
(iii) Electrical equipment , handtools — 150 kftz to 30 MHz.

(Iv) Vehicle and engine accessories - 150 kHz to 1 CHz .

The test procedure requires the use of four different probe antennas

(a monopole, a biconical , and two separate conical logarIthmic spirals) and
t h e i r  appropr ia te  match ing networks to cover the entire frequency range.
An EM! meter “capable of measuring the parameters of this standard” is speci-

fied for measur ing the emissions. Performance of the test involves probing

each face of the equipment under test with a loop “to determine the local-
ized a rea(s )  produc ing maximum emission.” The loop must be maintained at
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a distance of five cen t imeters from each surface and oriented for maximum

pickup. As each equipment face is probed , the EM! meter is tuned over the

14 kHz to 10 GHz frequency range. The identified areas of maximum radia-
tion are then individually posit ioned one meter from the applicable probe

antenna and the radiated emission test is conducted. While performing this

test , no point of the probe antenna is permitted to be closer than one meter

to the walls of the shielded enclosure or any obstruction than may be in

the enclosure. For each frequency range, the EMI meter is tuned over the

entire range and emission levels are recorded “at not less than three fre-

quencies per octave representing the maximum indications within the octave .”

Also , emission measurements are made at the test sample ’s critical frequencies

(power and its harmonics, local oscillator , RF , etc.). Over the frequency
range of 25 to 200 MHz, measurements are made with both vertical and hori-

zontal polarizations of the probe antenna. For all other frequencies,

measurements with either vertical or circular polarizations are required .

Notices to MIb- STD—461A and MIL—STD—462 a f fec t  this test method oniy
to a slight extent. Both the Air Force (MIL—STD-.461A , Notice 3 and MIL—STD—

462, Notice 4) add lists of test instrumentation and change the table of

equi pment to be tested . The Air Force requires radiated emission tests to

he conducted on all equipments while the Army provides a detailed list of

equi pments to be tested. Both the Air Force and the Army modify the probe

antenna requirements. The Air Force notice allows the use of antennas other

than those specified , if approved by the procuring activity. The Army notice

provides a detailed table describing the permissible probe antennas and

the i r manufacturers. The Army (MIL—STD-462 , Notice 3) also makes the fol-
lowing modifications:

I. The probe antenna required In locating areas of maximum r:idl—

a t ion  f rom equipment faces Is changed from a “loop” to a “loop
or other suitable sensor .”

2. The frequencies at which the equipment faces are to be probed

are changed from a continuous scan of the entire frequency

range to “frequencies known or calculated to represent worst

case interference; or, if no such information is available,
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probing shall be performed at no fewer points than one frequency

for every two octaves over the frequency range of the test. Auto-

matic scan techniques may be used to scan all sides.”

3. The upper test frequency for rLarrowband measurements is changed

from a variable limit depending on the highest used or inten-

tionally generated frequency, but not greater than 10 GHz, to

a fixed frequency of 12,4 GHz.

4. The frequency range over which both horizontal and vertical
polarizat ions of the probe antenna are required is changed from

the originally required range of 25 MHz to 200 MHz to a 30 MHz
to 12.4 GHz range.

In determining the need for this test method for FAA equipments, two

major areas of concern existed : (1) the necessity for equipments in FAA

facilities to be tested for radiated electric field emissions and (2) the

techn ical problems, with their possible solutions, related to accuracy,

reliability, applicability, and repeatability in performing this test as

It is presently specified in MIL—STD-461A and MIL—STD—462. The need for

this type of test required considerations of s~veral important factors.

In terviews with personnel at various FAA facilities as well as surveys

of the equipment at these facilities yielded conclusions that limited inter-

ference problems were relatable to electric field emissions from equipments

or cables in the 14 kHz to 10 GHz frequency range. This was also the gen-

eral conclusion reached during the extensive series of radiated measure—

merts conduc ted at the New York 116), Oakland [17), and Los Angeles [18~
ARTCC facilities; however , a detailed analysis of the radiation levels

measured at each of these facilities showed that emissions repeatedly ex-

ceeded t he  MIL—STD —46 1A performa nce limits by significan t amounts. These
data are sumsarized in Tables II and III which present frequency ranges

over which measured broadband and narrowband emissions were in excess of

appl icable performance limits. It is noted that, although MIL—STD—461A

requires radiated emission te8ta over the 14 kHz to 10 GHz frequency range ,
the upper frequency limit for these measurements was 1 GHz. The data sum-
mary in these tables shows that both automated and non—automated equipments

c- ri tli n l to the safe and efficient operation of ARTCC facilities radiate
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~I~ n If1rn nt t iectric field levels. These l veln are , therefore , capable

t , f  h~~Ing coupled into other nearby equipments and/or cables and , thereby ,

c.iuslng performance degradation. This degradation may or may not be recog-

nized by facility personnel, or its effect may be recognized in some inter-

connected equipment while the cause remains unrecognized . Further, if the

effec t is recognized, it may be designated a design, installation, inter-

ference , environmental (a term heard often during interviews with facility

personnel), etc. problem . Nevertheless, the degradation or potential there—

for ( x J M t ~ w ithin ARTCC facilities as a result of radiated emission levels

from equipments and cables. From surveys of equipments and cables in air

traf fic control towers, flight service stations, airport terminals, etc. ,

there is no basis for suspecting that this same situation does not exist

in these facilities as well. This in itself was considered to be a more
t han adequate basis f or requiring FAA equipments to comply with requirements

of an electric field radiation test over the 14 kHz to 10 CHa frequency

range .

In addition to the performance degradation potential that measItreI’u’nts

have shown to exist in ARTCC facilities and arc suspected to exist In other rM

facilities , there was an additional basis for requiring equipment compliance

with electric field emission requirements. This basis was somewhat philo-

sophical in nature and related to the need to conserve the limited electro-

magnetic spectrum available for national and international use. The value

of this spectrum in economic and technical terms is so vast that it def i es

definition . Yet , there is significant evidence 119] that this value con—
t l n ( I v q  to he reduced by excessive and/or unnecessary radiated emIssions.
TIu• resu l ts  are man i fested as complete frequency bands which are Mo poi—

luteti that their use as a resource Is severely compromised if  not negated .
This situation was in mind when determining whether FAA equipment distributed

En significant numbers throughout the United States should comply wi th
radiated emission test requirements.

4.4.2 Analysis of Measurement Procedures (400 MHz to 10 CHa)

Once it was established that FAA equipments should be tested I or
electric field radiation levels, the research effort became one of establishing
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te5 t method s which would yield accurate, repeatable, and reliable data.

That this was an area needing attention is illustrated by the estimate

F20) that over 50 sources of measurmeent error exist and that some-

where between 10 aed 30 of these sources will apply during any given

test. These errors may be as great as ±40 dE in magnitude and originate

largely from probablistic rather than deterministic sources. M~~y fac-

tors influence the measurement of electric field ~~ isaiona , but experience
has shown that the principal error contributors can be ranked as follows :

• an undef ined test area electromagnetic environment that

varies as a funct ion of locat ion , time , and frequency,

• the positioning, mounting, and operation of the equip-

ment under test in a given test area, and

• performance of test equipment when operated by test
personnel.

Du.ing this research effort , the first two of these contributors to measure-

ment errors were viewed as being interrelated so closely as to be inseparable.
Consequently, reduction of measurement errors due to these two sources pro—

viled the departure point for this research effort.
In i t i a l ly ,  the research began with the MIL—STD—462 requirement that the

ambient electromagnetic level during testing, when measured with the test
sample de—energized , be at least 6 dB below the allowable specified perfor—
inance limit. This requirement is necessary to eliminate interactions be-

tween external sources (both natural  and man—made) and the test sample ;
however , it generally necessitates that the test be performed in either
an open-field , an anechoic chamber , or shielded room area,

4.4.2.1 Open—Field

A true “open—field” is obviously one means by which an adequate
te!4t area environmen t can be provided, An open—field eliminates the ed—

verse e f f e c t s  of nearby objects, such as metal  walls , structures, pe rsonnel ,
etc. and is located such tha t it provides a low ambient electromagnetic

test environment. However, realizing such an open—field is very difficult

since a reasonably large, flat area free of significant reflecting objects
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.tnd externally generated signals is required. In most practical open—field

i t e s, an externally generated ambient electromagnetic environment that varies

in time is present and must be accurately defined so its effects can be ac-

counted for in data analysis. Further, susceptibility tests which, by their

na tu re , generate intense electroma gnetic fields, must often be conducted on
a non—interference basis with emission tests. Because of these requirements ,

the performance of emission and susceptib ility teats at a field site which

begins to approach true open-field conditions can be very time consuming ,

and test costs can be excessive. Furthermore, operation of an open—field

test site mus t take into account unfavorable weather conditions which make

test scheduling difficult.

4.4.2.2 Shielded Anechoic Chamber

An alternative to open—field testing is to use a shielded anechoic
ch~~ber consisting of a metal—walled enclosure lined with absorbing material.

The metal walls will reduce the externally generated electromagnetic environ-

ment in the test area and minimize problems assoc iated with unfavorable
weather conditions. Concurrently , the absorbing material on the walls will

reduce the reflection e f fec ts  of the metal walls on the accuracy of test

data . The major disadvantages of the shielded anechoic chamber are that it

provides a relatively small working volume compared to Its overall size,

and it  Is  relatively expensive .

4 . 4 . 2 . 3  Shielded Enclosures

Radiated emission and susceptibility tests are generally performed
- En a “hare” shielded enclosure because of the difficulties associated with

conducting such tests in either the open-field or in an anechoic chamber.

The shielded enclosure provides significant isolation between the test
eonflgur.itlon and the external electromagnetic environment and thereby mini—

m i~ vs bot h the radiation and reception of undesired signals. Also, the

shichied enclosure test area is generally less expensive than either u n

an ec ho ie  chamber or an open-field test site. On the other hand , radiated

test (lata obtained during shielded enclosure measurements exhibit signifi-

cant adverse errors attributable to (1) standing waves, (2) the size and
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shape of the enclosure, (3) test configuration location in the enclosure,

(4) spacing between the equipment under test and the probe antenna, and

(5) the presence of test personnel and equipment in the enclosure. The

primary problem is due to standing waves with the other problems either

directly or indirectly related thereto.

Since the six conducting walls of a shielded enclosure form an elec-

tromagnetic cavity , standing waves will exist within the enclosure at

frequencies above the cutoff frequency. For sufficiently high frequencies

such that distances between test items within the enclosure or between a

test item and the enclosure walls are large relative to a wavelength, far-

field conditions can be assumed to exist; hence, standing waves in the

enclosure are composed of propagating fields that can be approximated as

plane waves. Under these conditions, the standing wave pattern of the elec-

tromagnetic fields within the shielded enclosure may be considered as an

interference pattern produced by the superposition of various waves re-

flected from the enclosure walls. Under these conditions, “ray theory”

can be used to analyze and interpret the fields. As frequencies more

nearly approach the optical range, this approximation becomes more exact.

Figure 1 illustrates a typical measurement configuration in a shielded

enclosure and depicts the signal multipath conditions that contribute to in-

accurate test results at high frequencies. This figure shows only a frac-

tion of the multiple signal paths that can exist in the shielded enclosure.

During previous research efforts (21], [221, extensive measurements have

been conducted to define the magnitude of these multipath effects on radi-

at ed test results. Figure 2 presents the coupling between two antennas

spaced one meter apart in a 8 x 8 x 20 foot shielded enclosure over the

1 MHz to 1 CHz frequency range. These data have been normalized with re-

spect to open—field coupling so that the resulting variations are due only

to the presence of the shielded enclosure. From one to approximately 3() Mlh ,

the shielded enclosure results are 2 to 3 dB lower than the open field

coupling ; however, coupling variations of the order of •40 dB with reape t

to open field coupling are present in the shielded enclosure at measurement
frequenc ies above approximately 30 MHz. Similar variations occur in shielded

e~ closiire s of other sizes and configurations and for other antenna separat ion
di stances.  For example , the coupling between two antennas as a function of
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Figure 1. Diagram of a Conventional Measurement Setup In a Shielded
Enclosure Showing Multiple Signal Paths.
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separation distance is shown in Figure 3 for frequencies of 615 and 930 MHz.

As can be seen from this figure, an error of approximately one—half inch in

spacing the antennas one meter apart can change the coupling data by 15 dB.

Obviously, data with such large coupling variations as a function of both fre-

(~ I I & ~fl( y and sepa ration d l st~ince are of h i t  ft v alu e , and tI~ possibi y of

orr t ’Iat lng such data with data obtained In an open—field test area in small .

4.4.2.4 Hooded Antenna

Several measurement techniques for  reducing the coup lin g va r iat tons

in shielded enclosures have been investigated on previous research programs

[231-125] . A hooded antenna measurement approach which reduces the coupling

errors to a level comparable to those normally encountered in open—field

measurements has been developed for the 200 MHz to 10 CHz frequency range

[21], [ 2 2 ] .  For frequencies sufficiently high that “ray theory ” can be

app l ied , the hooded antenna measurement concept is illustrated in FIgure 4.

A numbe r of possible signal pa ths are shown i n the shielded en closure;  hut
as i l l u s t r a t e d , only  tha t  signal traveling the direct path reaches the probe
antenna . The antenna hood consists of a metal shield or box , open on one

end , w i t h  walls  which  are lined on the inside with absorb i ng material. Also ,

the wall opposite the open end of the hood Is lined with absorbing materi al

to prevent reflections from this wall to the probe antenna . The absorber-

lined walls of the hood , togethe r with the one lined wall of the encl aure ,

approximate for the probe antenna the six absorber—lined walls of an ancchoi

chanther: however , the hooded antenna technique requires significant ly less

absorbing material.

Early experimental investigations of the hooded antenna concept indirated

t h a t  t h i s  t echnique was capable of reducing the  coup l ing  va r i a t ions  in s h ie l d e d
•.,ii los j r , i~ to  ii l evel comparable with t he van  at  ions norma I ly cncotinterrtl

in open fi e ld measurements. For exainp le , ru~d i ;i l i o n  pat  r e r u n of an I H — i  neli

d lids ant s~nna with a log—period 1 feed at a f req uienry of 2 (11z are show,,

In Fl guru ’ ‘
~~. These patterns wt~re made in both open — ie Id and shielded end o—

sure lest areas, and with the probe antenna both unhooded and hooded . An
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Figure 3. Coupling Between Antennas in a shielded Enclosure as a
Function of Spacing .
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can be seen , there Is good correlation between the two open field patterns

and the pattern made in the shielded enclosure with the hooded probe antenna.

However , severe distortion is apparent irs the pattern made in the shielded

enclosure with the unhooded probe antenna.

The development of the hooded antenna concept was based on the hypoth-

esis that the absorber—lined hood produces a secondary f ield pattern that

rlonrl y approximates the field tha t would he obtained from a plane wave m di—

at  ing through a circular aperture In an Infinite absorbing screen. Th~ut Is ,

t h c  p a t t e r n  of the hood Is essentially the diffracted field that would r e s ul t

from the aperture of the hood . The normalized field pattern of a uniformly

Illum inated circular aperture* in a perfectly absorbing screen of infinite

extent is given by

~ (~
-
~ 

si~ o)
F = (1 + CosO) 

~~A. , (1)
SinO

where

A = aperture d iameter ,

A free—space wavelength ,

(1 angle with respect to the aperture normal, and

f irst order Bessel function .

Thu’ patterns calculated from this equation were compared to the measured

patterns obtained with the original hood s [22]. The correlation was suf-

ficient to demonstrate that the pattern of the hooded antenna was determined

primarily by the aperture of the hood . Thus, it was concluded tha t the

hooded antenna can be designed to provide beamwidth and sidelobe character—

istlis on the basis of aperture calculations ; therefore , the pattern char—

act (~rIsLics of a given hooded antenna con f Lgu rat ion can be iu cc uur ate ly prrdicted

over a frequency range of interest.

~~~. ~ II vvr , Mtcrow :we Theor~ and 1)es L~~ , Mclii 1) Book Company, 1969 ,

pp .  169—1 ( 19;  E. C. Jord an , E l e c Lr om nj~net 1c Waves and R;~[I_a L n A~~yn t e r n s ,
Prt .ntise — IInl l , i nc. , 1950, pp. 568—579; and J. 1). Krau~~, AntennaR ,

MrC raw -Ifill Book Company , pp. 343—346.
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Originally , two hooded antennas were designed , constructed , and evalu—

at~~ . The first antenna for the 200 to 1500 MHz frequency range is illus-

trated in Figure 6 while the 1 to 12 GHz hooded antenna is shown in Figure 7.

Numerous measurements were conducted to determine the characteristics of

these hooded antennas. For example , gain, VSWR , field patterns , and polari-

zation patterns were determined as functions of frequency . Also, the 200

to  1500 MHz hooded antenna was used to measure actual case emissions in both

the open field and in an 8 x 8 x 20 foot shielded enclosure.

To further demonstrate the ability of the hooded antenna technique to

reduce the t40 dE measurement errors In shielded enclosures , the coupling

between two antennas was measured for a one meter spacing in an 8 x 8 x 20

foot shielded enclosure over the 1 MHz to 10 CHz frequency range [22). Con-

ventional dipole antennas were used as receiving antennas over the range

from 1 to 200 MHz, and hooded receiving antennas were uaed over the 200 MHz

to 10 CHz range. Results of these radiated measurements are shown in Figure 8.

Again , the shielded enclosure curve has been normalized with respect to a

corresponding coupling curve obtained in the open field. The figure shows

that radiation levels measured in the enclosure over the 1 to 30 MHz fre-

quency range are approximately 2 to 3 dB lower than the open field results.

In  the  30 to 200 MHz range, the figure indicates that radiation levels deviate

as much as ±40 dB f rom the open field results;  however , when the hooded antenna

approach was used from 200 MHz to 10 GHz, it is seen that the radiation

levels were within 2 to 3 dB , not .t40 dB , of the open field l evels.

Ba sed on the investigations and tests summarized above , It was con—

eluded that reliable radiated measurements , which can be correlated with

open f ield measurements, can be made with unhooded probe antennas in con-

vent joral 8 x 8 x 20 foot shielded enclosures over the 1 to 30 MHz frequency

range. The corresponding frequency range for other size enclosures may be

established by scaling the results for the 8 x 8 x 20 foot enclosure. Fur-

thermore , these evaluations indicated that , with only two hooded antennas ,

reliable radiated measurements can be made in shielded enclosures over the

200 MHz to 12 CHz frequency range.

Rot h of the original hooded antennas employed a balanced conical log—

h e lix design. Thin design was chosen after considerable evaluation of
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Figure 8. Coupling Between Antennas at 1 Meter Separation ,
Normalized to Open Field Coupling, over the Fre-
quency Range 1 MHz to 10 GHz.

several broadband , circularly—polarized , balanced antenna configurations

[24), [26], [27). A broad bandwidth was desirable so tha t a minimum num-
ber of antennas was required to cover the entire frequency range. The

antenna should have circular polarization so that it would be equal ly re-
sponsive to all linearly polarized signals. Also, the antennn!3 should In.

balanced to eliminat e the effects of signal pickup on the transmission

ahle . The balanced conical log—helix design was found to be the antenna

type that most nearly satisfied all of these requirements. However , the

axial length of conical log—helix antennas for oper~tton at frequencies

down to 200 MHz required the hood to be four feet long and two feet in

d iameter. The combined weight of this hood and the absorbing material

Inside the hood was approximately 350 lbs. This weight along with the

large size caused the hood with a balanced conical log—helix antenna to

be bulky , difficult to move , and costly.
As an extension of the above research e f f o r t s , short hoods w i t h  a v i t y —

t) ; I ( ’k ed  planar sp i ra l antennas were devel oped to reduce the hood length mud ,
luence , min imize the size, weight , and expense [28). Cavity—hacked antennas
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with planar spirals were coamercially available, and their inherent broad-

band characteristics reduced the number of antennas required to cover a

given frequency range. They also exhibited satisfactory gain, V SWR , and
direct ivity characteristics. Short hoods using these antennas were designed

based on the assumption of circular aperture field patterns using Equation

‘1). The half-power beamwidth of a hooded antenna as calculated from this
Equation was plotted versus aperture diameter—to—wavelength ratio A/A as

sh~,wn in Figure 9. A 20 to 60 degree half—power beamwidth was selected to

pe mit convenient spacing in shielded enclosures, to illuminate relatively

1a~ge equipments, and to minimize the illumination of the enclosure side
walls  on which there is no absorbing material .  As can be seen from Figure 9,
the 20 to 60 degree beamwidth range restricts A/A to

(2)

where

A = aperture diameter and

A wavelength.

Furthermore, it was hypothesized that since these aperture diameter and

beanuwidth considerations are based on a planar wavefront existing at the
hood aperture, the distance (t) from the feed antenna to the aperture of

the hood must satisfy the condition

2
(3)

This restriction on R~ shou ld ma in ta in  un i fo rm i l lumination over the aper-

tur e to within a maximum phase error of A/16 (22.5 degrees). If A/A wert 3

an permitted by Equation (2), then the above equation requires that the hood

length be greater than six times the diameter of the hood, i.e., £ 2.6A.

Because of the importance of a short hood length (to minimize hood weight,

size, and cost), it was decided tha t the short hood design should not be

based ent irely on theoretical equations. Instead , a laboratory model of
a short hood shou ld be constructed and evaluated prior to finalizing the
design. To this  end , three adjustable—length hooded antennas, one of which
in  i llus t rated in Figure 10, were constructed for evaluation (29J. Antenna
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pat te rn s were plot ted for  various values of I. at several frequencies. Four

Important  conclusions were made based on the half—power beamwidth data f rom

these pa t t e rns :

1. The hood of the antenna can be made qui te  short relative

to the diameter and the half—power beamwidth will remain

less than 60 degrees from the frequency at which the aper-

ture is one wavelength to at least three times thia frequency .

2. If the hood length is made short relative to the diameter ,

the beamwidth of the hooded antenna will be considerably less

sensitive to the frequency of operation.

3. I f  A/A is greater than two , beam spl i t t ing will occur in

many cases.

4. The minimum hood length did not have to satisfy the predic-

t i o n  Z ~ 6A , but instead could be much shorter . In fact , a

minimum length between A/3 and A/2 was shown to yield satis-

factory data.

The overall conclusions drawn from these evaluations were that , in addition

to being smaller , lighter , aüd less expensive, short hooded antennas yield

a more constant beamwidth as a func t ion  of f requency than the long hood , and

short hoods with  cavity—backed spiral antennas provide reliable measurement
dat a In a shielded enclosure. This data can be correlated to open field

data ove r the 1 to 12 GHz frequency range.

Based on the above conclusions f rom the investigation of adjustable—

length antennas , three short hoods with f ixed lengths and cavity—backed

planar spiral antennas were constructed for the I to 12 CIIz frequency range .

Eva lua t ion  of th ese f ixed length hooded antennas sa t i s f a c t o r i l y  ve r i f i ed

the accuracy of conclusions drawn f rom resu l t s  obtained using adjustable—
length hooded antennas.

4.4.3 Extended Hooded Antenna Invest4gations

Results from these previous investigations established the validity

of the hooded antenna concept and provided valuable direction for this pro—

gram . Based on these results, it was decided that short hoods with cavity—backed
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spiral antennas should be recoimsended for FAA use to assure reliable data

over the I to 10 GHz frequency range. Also, the hooded antenna concept

should be extended to frequencies below 1 GHz. A major objective of this
program , therefore , was the design, construction, and evaluation of hooded

antennas for radiated testing at frequencies below 1 GHz. The three primary

goals of this effort were to minimize the hood length, achieve as low an
operating frequency as possible, and obtain accurate, repeatable , and re-

l iable radiated data in a shielded enclosure.

The following equations, based on the results of the previous programs ,

were used to design the short hood for frequencies below 1 CHz:

1 , ~ 2 , and (4)

(5)

where

A — aperture diameter

- hood length f rom antenna to aperture , and
A - wavelength.

For the initial approach, the upper frequency limit of 1 CHz was used as

the starting point. This yielded a minimum wavelength of 11.8 inches; and

since A/ A must be less than or equal to two , the aperture diameter became

A 2A min (6)

— 23.6 inches.

Sim ila r ly, since A/A must be greater than or equal to 1 , the maximum wave-

length Is

(7)

— 23.6 inches.

This  predicted a minimum operating frequency of approximately 500 MHz;
f u r the r , the minimum value of £ as calculated from Equations (5) and (6)
wan 7.9 Inches.
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4.4.3.1 Adjustable Length Hooded Antenna

Since definition of a minimum hood length on a before—the—fact

basis had been difficult on previous programs, it was felt that this effort

should include preliminary measurements using an adjustable—length hood.

The 200 to 1500 MHz hood constructed on a previous program and shown in
Figure 6 formed the basic adjustable—length structure. This hood is a

metal cylinder lined with Eccosorb Type NZ—1 Absorbing Material. The out-

side diameter is 24 inches, the inside diameter is 22—1/4 inches, and the

overall length is 48 inches. The diameter of the expanded polyethlene

foam support was made to be a t ight sliding fit to the inside of the hood
and, hence , was capable of supporting the cavity—backed spiral antenna at

any locat ion along the hood length. This configuration made it possible

to vary the d istance 9. between the hood aperture and the cavity—backed spir al

antenna from zero to 22 inches. Originally , an available AEL Model ASN ll7A

cavity—backed antenna with a planar spiral and a specified operating fre-

quency range of 400 MHz to 4 GHz was used as the feed antenna for the ad-

justable hood; however, tests indicated that its main beam was skewed

approximately 10 degrees of f boresight. Therefore, it could not be used

for these investigations because It would not uniformly illuminate the hood

aperture. Consequently, a less desirable (because of its reduced frequency

range) AEL. Model ASN ll3A antenna , which had a specified operating frequency
range of 700 MHz to 2.8 CHz, had to be employed as the feed antenna for

the hood .

Far—f ield radiation pat terns of the unhooded Model ASN ll3A cavity-
backed antenna with a planar spiral. were plotted over the 200 to 1000 MHz

frequency range by rotating the antenna in the field produced by a tuned

horizontal  dipole . Figures 11 and 12 show the patterns for  this unhooded
antenna.  Although the specified frequency range for this antenna was 700 MHz
to 2 .8  C,Hz , Figures 11 and 12 indicated that it was usable down to at least
400 MHz in hooded antenna evaluations.

Antenna patterns of the adjustable—length hooded antenna employing the

Mode l A$N 113A antenna as a feed were mad e in an anechoic chamber at ~ 1x
frequencies——i GHz (A — 1 .B B A ) ,  800 MHz (A l.51A), 600 MHz (A •

‘~O() MHz (A O. 94A ) ,  450 MHz (A — 0.85A), and 400 MHz (A — 0.75A)——and for

eleven v i l t i e s  of £ ranging from 1—1/2 to 22 inches. These patterns were
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mxi e by rotating the hooded antenna in the field produced by a tuned horizon-

tal dipole spaced approximately 9 feet f r om the hood aperture to insure far—
field conditions (2A7/A — 7 feet at 1000 MHz). Typiral patterns obtained for

values of 1—1/2 , 4, 8, and 22 inches at 400, 600, 800, and 1000 MHz are

shown in Figures 13, 14, 15, and 16. Also , the half—power beamwidth data
from all of the adjustable—length hooded antenna patterns are plotted in

Figure 17. These figures show that , for frequencies below 500 MHz (A ~ A ) ,

the beansiidth is greater than 60 degrees as predicted by Equation 7 , and
reduc ing the hood length at these lower frequencies had no significant ef-
fect on the antenna patterns.

For frequencies greater than 500 MHz where the hood aperture is greater

t han A , the  f i gures show that reducing the hood length from 22 to 1-1/2 inches
r e s u l t s  in apprec iable e f f e c t s  on the antenna patterns . The amount of van —
at ion in the hal f—pow er beamwidth as a funct ion of length for each spec i f i c
f r equen cy increased as the frequency was increased from 500 to 1000 MHz.
The largest variat ion occurred at the highest frequency (1000 MHz) where the
be amwidth increased from 22 to 65 degrees . In general, Figure 17 shows th a t

the most signif icant  change for this frequency range was obtained as the
hood length was decreased from approx imately 8 to 1—1/2 inches .

4 . 4 . 3 . 2  Four Inch Hooded Antenna

Analysis of the pat terns and beamwidth curves of the adjustable—
length hooded antenna indicated that , if the 60 degree maximum beamwidth

constraint were relaxed to approximately 67 degrees, then a hood length

of four inches might be adequate. To confirm these Initial measurements

and to determine the effects of a 67—degree beaim~idth on the hooded antenna

t(.~st confi guration , a hooded antenna with a fixed length of approximat ely

four i nches was bu i l t  and evaluated . Figure 18 shows this  hooded an t enna
with actual dimensions of 4—1/8 inches length , 22—1/8 Inches inside diameter ,

and 24 inches outside diameter. The AEL Model ASN ll3A cavity—backed spiral
was used as the feed antenna and Eccosorb Type NZ—l Absorbing Material was

used to line the inside of the hood .
The measured gain of this short hooded configuration relative to a A/2

c~ipole and the VSWR referred to SO ohms over the 400 to 1000 MHz frequency

range are shown in Figur e 19. The to . curve shows the gain of the hooded
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antenna relat ive to a horizontal d ipole radiating source, while the second

curve shows the gain relative to a vertical radiating dipole 8ource. The
antenna separation distance for both figures was nine feet. The average

gain of the 4-1/8 inch hooded antenna relative to a A/2 dipole is approxi-

mately -10 dB. The gain curves of the AEL Model ASN ll3A antenna in a un—

hooded configuration are also shown for reference. The lower curve shows

the average VSWR of this hooded antenna was approximately 2.0.

The far—field radiation patterns for this short hooded antenna were

plot ted in an anechoic chamber using a tuned horizontal dipole to produce

the field . The patterns were made at six different frequencies from 400

to 1000 MHz. Selected patterns over this frequency range are shown in

FIgure 20. Since the patterns are similar at all frequencies , those shown

were selec ted to show the characteristics in the middle and at either end

of the test frequency range. A comparison of these patterns with those in

Figures 11 and 12 indicate that the maximum side lobe suppression effects

of the hood occurred at the lower frequencies below the design operating

frequency range of the unhooded antenna. The half—power beamwidth data

taken from all of the hooded and unhooded antenna patterns are presented
in Figure 21. For comparison, the half—power beamwidth data for the 4—inch

adjustable-length hood is also plotted in Figure 21. These three curves

show that , in general, the hood improves (decreases) the antenna beamwtdth

relative to the unhooded antenna for the entire frequency range . However,

this figure also shows that the beaim~Idth of the 4—1/8 inch hooded antenna

was everywhere approximately jO degrees wider than the beamwidth of the ad-

justable—length hood with £ — 4 inches. It was hypothesized that this

unexpected increase in beamwidth for the fixed—length hood could be due to

the fact that the adjustable—length hood was not designed to have exact

dimensions and perfectly fitting elements, but rather to provide a rough ,

initial estimate of the beamwidths to be expected for various lengths .

Thus, it was concluded that these beamwidth data were valid for the 4—1/8

Inch f ixed—length hood. As such , the beamwidth was too wide since it was

greate r  than 67 degrees at many frequencies and greater than 60 degrees at
eu I f r equenc ie s .

Even though the beann~idth of the 4—1/8 inch hood was considered execs-
s iv i . , it was decided that measurements should be made to determine the
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ef f e tn of the wide b eamwldth .  This decision was made on the basis of the

desire to obtain additional data relative to minimizing the hood length.

Del or? making these additional measurements , precautions were taken to in-

sure that the orientation angle in the plane of the aperture was the same

for the unhooded antenna, the 4—1/8 inch hooded antenna, and the adjustable-

length hooded antenna. This had been a source of difficulty in earlier

measurements because of the circular shape of the cavity—backed spiral an~’enna ,

and it could cause one set of data to represent E~ pat terns  while other sets
were E0 patterns. Therefore, both the unhooded antenna and the hood were

marked such that gain and antenna patterns were made with controlled antenna
or ien t a t i o ns . Also at th i s  t ime, fur ther  cons ideration was given to the
separa t ion  distance that should be used between the aperture of the hood
and the t r a nsmi t t ing  antenna.  It was decided that  a one meter spacing should
be used s ince this Is the distance presently required in MIL— STD -46 1A and
Is closer  to a practical distance that  would be used in an actual measure-
ment con f i gu ra t ion .  Thus , it was decided that subsequent measurements

woMd involve a one meter separation distance , but with a limited number of

measurements made at a spacing of nine feet to verify the far field condi—

t I ons.

As a result of the above decisions, both the gain and the and E0
patterns were determined for a one meter spacing. Figure 22 shows the

ga in  of the 4— 1/ 8 inch hood relative to a A / 2  dipole as measured with this
spac ing between the hood aperture and the receiving dipole. This gain curve

changed very little from that obtained with the nine foot spacing . Repre-

sent ative E5 and E0 patterns made with the one meter spacing are shown in

Fi gures 23 and 24, respectIvely. The hal f—powe r bean~ 1dthi (hats from a l l ~~
the E~ and 8(3 patterns made with one meter spacing are shown in l~igures 25

and 26, respectively. These figures also show the beamwidtlrn of E
~ and 80

pattern s of the unhooded antenna made with a one meter spacing. The results

shown In Figure 25 for were as expected ; i.e., the hood improved the

beamwidth at all frequencies except the extremes of the range. However,

In the 9—direction , the hood actually widened the beaiiwidth by as much as
24 degrees , in spite of the fac t that  the beamwidths for the unhooded antenna
were app roximatel y the same in the S and 0 directions 4 An explanation for

th i s unexpected result  was not found during this investigation .
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C a r e f u l  review of the  antenna p a t t e r n s  and measurements  made up to t h i s

p o i n t  and e s p e c i a l l y  the  VSWR d a t a  In F igure  19 ind ica ted  tha t  the 4— 1/ 8 inch

hodded antenna should not be considered as a balanced antenna conf igura t ion

below app roximate ly  500 MHz. For th is  reason , I t  was concluded that the

pr evious measurements made at frequencies below approximately 500 Mhz were

un~ eliable and , hence , further measurements should not be made below 500 MHz.

The beamwidth curves made with known orientations for the hood Indicated

that the F5 and E0 beamwidths were too wide to meet the maximum beamwidth

constraint , even if it was relaxed from 60 degrees to 67 degrees. In order

to check the  e f f e c t s  of wide beamwidths on a c t u a l  measured data , tuned hori-

z o r t a l  d ipo le  p a t t e r n s  were plotted over the 500 to 1000 MHz f requency range

in  each of the fo l lowing  configurations :

(1) In the anechoic chamber with the 4—1/8 inch hooded antenna,

(2) rn the shielded enclosure with the hooded antenna measurement

configuration of Figure 4, I.e., In the shielded enclosure

with the 4—i/S inch hooded antenna and with absorbing materiti !

on the wall of the enclosure facing the hood ,

(3) I n the bare shielded enclosure with  the 4—1 / 8 Inch hooded an tenna ,

and

( 4) In the bare shielded enclosure with  an unhooded feed antenna.

The horizontal dipole patterns for 600, 800, and 1000 MHz are shown in Figures

27 , 28 , and 29 , respectively.  Pat te rns were also plotted In each of the four
c o n f i g u r a t i o n s  fo r  a s imulated equipment .  The s imulated equipment was formed
by p l a c i ng an e l e c t r i c a l l y  short  dipole  in an otherwise  empty equipment case .

Thq case had numerous  openings  r e p r e s e n t i n g  meter , swi tch , ad j u s t m e n t , i-imi

vent h a l i n g  open ings  on ac tua l cases. ‘I’he pa t t e rn s  fo r  t h i s  s i mu l a t e d  equ ip -

ment  were p l o t t e d  at every 100 MHz over t h e ’  f r e q u e n c y  range of 500 to 1000 MHz .

These pa t t e rn s  for  600 , 800 , and 1000 MHz are shown in Figures  30 , 31, and

32 , re spec t ive ly .

Visual inspection of both the tuned hor i zontal dipole patterns and the

simulated equipment patterns indicated that the 4—1/8 inch hooded antenna

greatly reduced the coupling errors produced by the existence of standing

waves in the shielded enclosure, With the exception of the depths of the nulls ,
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the anechoic chas*,er hooded antenna and the shielded enclosure hooded
4 antenna patterns were essentially equivalent. The degradation resulting

from standing waves was obvious in the bare shielded enclosure unhooded

patterns .

A statistical technique that can be employed to numerically compare

antenna patterns Is an evaluation of linear correlation coefficients [30).

These correlation coefficients as applicable to antenna patterns are a

n~~asure of the degree of association (relationship) between the amplitudes

of two patterns when the pattern amp litudes are paired according to azimuth.

Correlation coefficients were computed to compare patterns obtained in

(1) the shielded enclosure with a hooded antenna, (2) a bare shielded enclo-

sure with a hooded antenna, and (3) a bare shielded enclosure with an un-

hooded antenna to patterns obtained in the anechoic chamber with a hooded

antenna. The results of these calculations are presented in Table IV.

These correlation coefficients were computed using the antenna pattern

amplitude expressed in microvolts , instead of decibels above 1 inicrovolt ,

in order to emphasize details of the pattern peaks and dc—emphasize the

pattern nulls. This was advisable since nulls are less iaiportant in this

type of measuremen t and have var la tion8 that are not peculiar to shielded
enclosure measurements.

The data presented in Table IV indicates that the correlation coef-

ficients for the hooded antenna patterns made in the shielded enclosure are

significantly higher than those for the unhooded antenna patterns in the

bare shielded enclosure, especially for the dipole. Also for  the dipole
patterns , the correlation coefficients for the shielded enclosure hooded

antenna configuration are more homogeneous with frequency than are those

for the bare shielded enclosure with an unhooded antenna configuration. The

size of the openings along the seams of the simulated equipment case were

not carefully controlled from one test to another ; consequently, the cor—

relation coefficients for the simu lated equipment case are lower and vary
more with frequency than those for the dipole. However , the tests indicate

that the shielded enclosure hooded antenna configuration provides results

more c— l o n e l y  approximating anechoic chamber results than does the bare

shielded enclosure unhooded antenna configuration ,
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4.4.3.3 Eight Inch Hooded Antenna

Based on these tuned horizontal dipole and simulated equipment

case patterns and on the correlation coefficients, it was evident that the
4-1/8 inch hood , even with its wide beaniwidth , provided a significant improve-

ment in coupling errors relative to the radiated configuration specified in

MIL-STD—462. However, it was desirable to determine the degree of improve-
men t , if any , that could be achieved over this same frequency range but

with a longer hood having a narrower beamwidch. To determine this possible

improvament, a hooded antenna with a fixed length of approximately eight

inches was built and evaluated . Its inside and outside diameters were 2 3—
1/2 inches and 21—5/8 inches, respectively, and its actual length was 8—1/2

Inches. The AEL Model ASN 113A cavity—backed spiral was used as the probe
antenna and Eccosorb Type NZ—l Absorbing Material was used to line the in-

side of the hood .

The gain relative to a A/2 dipole and the VSWR referred to 50 ohms were

measu red for this 8—1/2 inch hooded antenna over the 500 to 1000 MNz fre-

quency range. The measured gain relative to a horizontal dipole radiating

source and relative to a vertical dipole radiating source are shown as the

top curves in Figur e 33. A one meter separation distance between antennas

was maintained . The gain curves for the unhooded antenna are also showh I or
reference . The average gain of the 8—1/2 inch hooded antenna relative to a

A / 2  dipole is approximately —2.5 dB. The VSWR of this hooded antenna is

shown as the lower curve of Figure 33. The average VSWR relative to 50 ohms
is approximately 1.8.

Both the E, and E~ patterns of the 8—1/2 inch hood were plotted with

a one meter separation distance at each 100 MHz between 500 and 1000 MHz,

i n c lu s ive .  Representat ive  E~ and E~ pa t ter ns a re shown in FtgureK 34 and 31) ,

re spect ive ly .  The and B8 half—powe r beamwidths for all the pa t t e rns  are
show n in Figures 36 and 37, respectively. For comparison , the beamwidths
of the 4—1 / 8 inch hooded antenna and the unhooded antenna are also shown In
these figures. The 8—1/2 inch hood improved the E~ beamwidth by eleven or

more degrees relative to the unhooded antenna at all frequencies. Increas’ng

the  hood length to 8—1/ 2 inches provided only a sligh t improvement in the
beaznwidth up to approximately 700 MHz; however, above 700 MH z , the degree of
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p.-

improv ement due to the increased hood length increases with Increasing fre—

q Jency. As was the case with the 4—1/8 inch hooded antenna , the 8—1/2 inch

h’ od widened the E 0 beamwidth  re la t ive  to the  unhooded antenna fo r  the center

f r e q u encies;  however , the increase in hood length improved the E~ beamwidth

by more than seven degrees at all frequencies. Again , an explanation for

this widening of the beamwidth In the 0—direction was not found during this

investigation ; however , the amount and the frequency range over which the

hool Increased the E~ beamwidth was much less for the 8—1/2 Inch hood than

for the 4-1/8 Inch hood .

The beamwidth curves for  the 8—1 /2 Inch  hooded antenna were wider t han

the ori g inal desired beamwidths ;  however , t he  increase in hood length to

8—1 /2  inches provided considerable improvement in both the E1~ and th .~ E0

h e amwid ths  at several f requencies .  To f u r t h e r  evaluate  the  i n f luence  of

these improved bandwidths on rad iated measurement  coup l ing errors , p a t t e rn s

of a tuned hor izon ta l  di pole were obtained . These pa t te rns  were plotted

at ?very 100 MHz over the 500 to 1000 MHz f r equency  range In each of the four

c o n f i g u ra t ions described fo r  the 4— 1/ 8  inch hooded antenna . The hor izonta l
dipole patterns for 600, 800 , and 1000 MHz are shown In Figures 38 , 39 , and

40, respectIvel y.

A visua l inspection of these patterns yields the same conclusions that

resulted from visual inspection of the 4—1/8 inch hooded antenna pattern s.

I.e., the 8—1/2 inch hood greatly reduces the coupling errors caused by

standing waves in shielded enclosures and the shielded enclosure hooded

antenna pat t ern , except for the pattern nulls , is essent ia l ly  equivalent
to the anechoic chamber pattern .

Linea r correlat ion coef f ic ien t s  were again employed to compare pa t te rns
of the Mhi e lde d  enclosure hooded antenna , the ba re shielded enclosure hoo d&-d
antenn a, and the har~ shielded enclosure unhooded antenna to reference pat-

terns obtained in the anechoic chamber. Thc~ correlation coefficient s wc rt

ca lcul at ed f or each set of patterns at each f requency  and are presented In

Table V. These correlation coefficients were calculated f rom the antenna

pattern amplitudes expressed in inicrovolts as was the case for the 4—1/8

inch hood.
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These data show that the hooded antenna in the shielded enclosure

yields a much more accurate radiated measurement than does an unhooded

antenna in the bare shielded enclosure. Furthermore , correlation coef-

f i c i e n t s  for  the shielded enclosure hooded antenna configurations are

significantly more homogeneous than those for either of the other two

configurat ions. At this point it should be noted that both the patterns

and the correlation coefficients  for the bare shielded enc losure unhooded

antenna configuration can and will vary drastically with only minor fre—

quen cy var iat ions. This results because of the high dependence of the

sta nding waves on frequency within the shielded enclosure .

A comparison of the correlation coefficient data in Tablea IV and V

Indicates tha t increasing the hood length in general (1) improved the

correlat ion of the shielded enclosure hooded antenna configuration
to the anechoic chamber configuration, and (2) Improved the correlation

of the bare shielded enclosure hooded antenna configuration to the aneehoic

chamber configuration. Similarly, a comparison of the beamwidth ‘iata in
Figures 25 and 26 to that in Figures 36 and 37, respectively, shows a

significan t improvement , i.e., decrease , in beamwidth with the increased

hood length. It is noted the beamwidth is still wider ’than desired and

this implies that even better measurement accuracy could be obtained with

.i hood length grea ter  than 8—1/2 inches; however, other tradeoff factors

such as size, weight , cost , etc. must be thoroughly considered before de-

ciding that a longer hood should be used.

Based on all the evaluations, i.e., recorded patterns and the measured

gain and VSWR of both the 4—1/8 inch hood and the 8-1/2 Inch hood , it was

conclud ed that a significant improvement in radiated measurements within

a shielded enclosure over the 500 to 1000 MHz f requency range can be achieved

wi th tel 8—1 /2 inch hooded antenna.

4 . 4 .3 . 4  AddItiona l Considerations

In a research program of this type , it is seldom that sufficient

investi gations are possible to explain all of the observed effects or sub—

st a n t ia t e  a l l  of the hypotheses that  surface during detailed data analysis .
However , i t Is necessary that these effects and hypotheses be documented
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and probable explanations and substantiations be offered . These paragraphs

document two observed effects plus one hypothesis and offer explanations

and/or substantiation for each.

During data analysis , it was observed that the unhooded tuned hori—

zon’al dipole pattern at 900 MHz in the bare shielded enclosure configura-

tion closely approximated that of the ideal dipole pattern. Obviously , if

Ibis were the case at all other frequencies , there would be no need for an

i siproved measurement procedure. Earlier data, however, had clearly indicated

that this was not the case and that this observed effect was a coincidenta l

ocdurrence with a high degree of frequency dependence . To determine the

fr€quency dependence of both the bare shielded enclosure unhooded antenna

and the shielded enclosure hooded antenna configurations , tuned horizontal

di pole patterns were plotted for every 100 ±2 MHz between 500 and 1000 MHz
inc l usive. Representative patterns for the bare shielded enclosure unhooded

antenna configuration are shown in Figures 41 and 42 while comparable patterns
for the shielded enclosure hooded antenna configuration are shown In Figure 43

and 44. As was expected , Figures 41 and 42 show that the patterns made with
the bare shielded enclosure unhooded antenna configuration vary drastically

with only small frequency changes. Also, Figurea 43 and 44 show that the

patterns made with the shielded enclosure hooded antenna configuration are

I n s e n s i t i v e  to small frequency variations. Therefore , In spite of the fact

t hat , at a few discrete frequencies, relatively accurate measurements can

be made with the bare shielded enclosure unhooded antenna configuration , these

pattern s support the earlier expectation that in general such measurement s

are in error and , hence , will yield unreliable radiated data.

In another situation , an apparent anomaly was observed as t uned hor i zon—

tal dipole patterns were being plotted with the 8—1/2 Inch hooded a n t e n na .

As shown In Figure 45, the peak—to—null ratio of the pattern for the shielded

enclosu re hooded antenna configuration was only 2.8 dB at 702 MHz , w h i l e

at 700 Mhz this ratio was 13.4 dB and at 704 MHz it was 18 dB. These abrupt

patt ern variations as a function of frequency were unexpected with this con-

figuration ; therefore , investigative tests were conducted in an attempt to

determine their cause. The di pole patterns were first plotted at the same

frequencies in the anechoic ch~~iber to verify that the anomaly was related to
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the sh ielded enclosure . Next , absorbing material was p la ced at various
loca t ions  around the  hood to insure that the problem was not caused by

an unbalanced antenna. Also , the interconnecting cables , the signal source ,

arid the receiver were exchanged with no effect . As these tests were being

conduc ted , It was noted that movement of test personnel in the shielded

en— losure , but  behind the an t enna hood , significantly effected the peak—to—

nu ll ratio at 702 MHz. This observation Indicated that, standing waves

existed within the shielded enclosure. Use of a small dipole antenna to

probe the fie ld in a longitudinal direction behind the hood revealed t h e

f ie ld distributions shown in Figure 46. The distribution shown by the

c-tel Id curve was observed while the tuned horizontal dipole for which the

patter n was being plotted was on boresight with the hooded antenna. The

dotted curv e shows the distribution measured when the tuned horizontal

di pole was rotated 90 degrees relative t o  the hooded antenna. Ignoring

the minor variations——which were attributed to the various items in the

enclosure such as the antennas , the antenna mounts , et. .—-- the standing

waves are essentially the same and their half—wavelength is approximately

‘14 Inc hes, i.e ., A/2 — 38 inches . One possible explanation of this anomaly

Is that , at 702 MHz, the shielded enclosure with the absorbing material

on one wall appears as a semi—infinite waveguide and that the enclosure

ha~t a h igh I) for a wavelength of 38 inches (A g — 38 Inches). It is noted

th at , If th is exp lanat ion is correct , there may be other modes in the enclo-

sure which were not detected (because of such things as the probe polariza-

tion , l ocation , etc) during the extensive series of measurements made

during this Investigation. Also If this explanation is correct , the wave—

guide cross—sectional variations (in and n) must he relatively large to

support such -i mode. The necessary values of m and n can be determined

from the equation 131) relating the guide wave l ength , A g, to the free sp:u-e

wa ve length . -~~~, 
t h a t  is ,

(

~~

)

2 

( 2 )
2
~~ 

[(•
n)

) (
~Y] ( H )

Austi mi ng

38 In. — 96.5 cm ,

then A g 1.93 m
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and si nce

8
c 3xlO

“ ‘  

6 °,,43m ,
702x 10

then

( ) 2 
+ - (2)

2 

~~~~~ 

2

0. 43 1.93

— 205.6 -
In the 8 x 8 x 20 foo t sh ie lded  enclosure , both a and b are 8 feet  or 2.44

m e t e r s .  Therefore,

(
~
_
~~~)2(m

2
+ ~~

2)  — 205.6

or in + n  ~~l24 -

Because of the small inaccuracies in the measuremen t of A g and the per tur-

bations in the enclosure , the number 124 is an approximate value . However ,

if a m ,n 0,11 waveguide mode or a m , n 8 ,8 waveguide mode existed in the
enclosure , then the c ross—sect iona l  var ia t ions  would be such that

m 2 
+ n 2 

= (0) 2 
+ (11) 2 

— 121

or m
2 

+ n 2 
— (8) 2 

+ (8) 2 
— 128 -

These- va lues  c losely  app rox ima te  the 124 value above . Aga in , a shor t  dl p o I 4 -
was used to  probe the  f i e l d  in the enclosure and , thus , d e t e r m i n e  a c t ua l

cr o s s— s e ct i o n a l  v a r i a t i o n s .  The resulting field distribution s along the

w i d t h  and height  of the  shie lded enclosure  are shown in Figure 47 . Inspe- c-

t ion of the variat ions along the height of the enclosure  indicates  approxi -
m a t e l y  8— 1/2 inches between peaks or between n u l l s .  Since the  enc losu re

Is B-feet high, this means that approximately eleven variat ions øxiated

along the height , or n — IL Furthermore , there appears to be no dist i t t - i

variations along the width of the room , or m 0. The n -for ’ - , these m - a M t , , ~~

m t - nt s  lend credence to the exp l anation that the abrupt p ittern variarIon ~
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at 702 MHz were caused by the existence of a m ,n — 0,11 waveguide mode in

the shielded enclosure.

The hypothesis resulting from analyses of data accumulated during both
this program and previous research efforts investigating radiated measure-

ments in shielded enc~losures concerns the lower frequen cy limit for the
hooded antenna concept. As noted earlier (see Para. 4.4.3), initial hooded

antenna investigations used a A~EL Model ASN lilA cavity—backed spiral antenna

with a specified lower frequency limit of 400 MHz. Subsequent investigations

re~ealed the main beam of the antenna to be skewed of f of boresight, so another
antenna (AEL Model ASN 113A) was used to establish a hood aperture and length.

When the results of the theoretical predictions and laboratory measurements

are analyzed concurrently, it appears that the AEL Model ASN ll7A antenna
(w ithout a skewed main beam) could be conveniently mounted in a hood whose

length and aperture diameter were 12 and 24 inches, respectively . When cor-

relation coeff icients and patterns resulting from this program are compared
with results from previous programs and then used as a basis for predictions,
it is hypothesized that the lower frequency antenna will also yield radiated

measurements within an accuracy range of approximately ±2 dB. The hooded

antenna concept would then be satisfactory for radiated measurements in

shielded enclosures down to a frequency of 400 MHz.

4.4.4 Analysis of Measurement Procedures (30 to 400 MH!)

As indicated in Figure 2, large measurement errors. exist when

cui rently specified radiated test procedures are used in a bare shielded

enclosure and down to frequencies of approximately 30 MHz. The sources

of these errors in the 20 to 200 MHz frequency range have been thvestlgated

[32 ) and found to be associated with (1) enclosure resonances, (2) wall

coupling effects, (3) absorbing materials , (4) design fea tures of probe
antennas, and (6) certain near—field effects. For all practical purposen ,

these error sources reveal the frequency range between approximately 30 MHz

and the lower limit of the hooded antenna measurement procedure (400 MHz for

this study) to be a transitional region over which neither low nor high fre-

quency test techeiques are particularly satisfactory.
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Al though earlier analyses (see Para. 4.4.1) had concluded that radi—
ited measurements were necessary over the entire 14 kHz to 10 GHz frequency

range, the difficulty of accurate tests in the 30 to 400 MHz frequency range
caused this decision to be reviewed . In the review, it was noted that FAA

equipments significant in number and critical in function operate at assigned

frequencies throughout the VHF (30 to 300 MHz) and lower UHF (300 to 400 MHz)

range. Typical of these equipments are the following:

• Marker Eeacons . .  73 MHz
• Localizer 108—112 MHz

• VOR 110 MHz

• Remote Transmitter/Receiver Sites 118—380 MHz

• Compass 200—400 MHz

• Glide Slope 328—336 MHz

In addition to these equipments, which are characterized by discrete fre-

quency operation, lengthy experience in EMC measurements led to the con-

clusion that broadband signals of concern viii also exist between 30 and

600 MHz. Therefore, from the point—of—view of both discrete frequency and

broadband signals and for both emission and susceptibility characteristics,

it was again concluded that radiated tests over the 30 to 400 MHz frequency

range were essential.

As was the approach in the 400 MHz to 10 GHz frequency range, brief con-

siderat ions were given to the possibility of either open—field or shielded

anechoic chamber measurement procedures. An open-field test location, if

sufficiently large and free of reflecting structures, would obviously elimi-

nate low frequency coupling and high frequency multipath problems. However,

the cost associated with providing a suitable open—field area and the sched-

uling problems caused by inclimate weather conditions rended this solution

unattractive. A similar conclusion was reached regarding the anechoic cham-

ber test location. Practical absorbing materials that provide appreciable

energy absorption at 30 MHz would be prohibitively large (8.2 feet) since
their length must correspond to approximately one quarter wavelength.

(
~ vI ously, materials of this length could not be used on the six walls of
any reasonably sized shielded enclosure. Other absorbing materials in the

form of ferrite tiles approximately one inch high are advertised as providing
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more than -15 dB of energy absorption down to 50 MHz; however, laboratory
evaluations [33] of these materials at Georgia Tech have shown thi. to be
an overly optimistic statement of absorbency.

An extensive review and analysis effort was then undertaken to deter-

mine the suitability of measurement ptocedures published in the available

Literature. This effort revealed one approach [343 that involved continually

perturbing the field in the shielded enclosure while the radiated test wa~
in process. During the test, the field level was monitored at numerous points

throughout the enclosure. In theory, the perturbation techniques are an

electrical analog of techniques developed for determining the acoustical

power level emitted by noise sources in reverberation chambers. For radi-

ated EKE and EMS tests, this technique would yield data in units of total
radiated power, which must then be related to field strength levels under
open-field conditions. Because of the complexity of the test, the methods
available for perturbing the field, and the lack of data correlating measured

results with open-field signal levels, this measurement procedure did not

appear satisfactory at this time.

A second measurement procedure noted in the literature analysis was one

that reduced radiated measurement errors by coating the inside walls of the

shielded enclosure with a loasy material [35]. This material reduced the Q

of the enclosure and thereby reduced measurement errors by more than 20 dB
both above the lowest resonance of the enclosure, where resonance coupling

predominates, and below the lowest resonance, where wall coupling predomi-

nates. The lossy material was a mixture of graphite and spackling compound,

and the investigation showed that its surface texture, conductivity, and
thickness were not critical parameters in reducing resonance coupling. The

graphite—to—spackling compound mix ratio was 1.0:1.1 by weight and the result-

ing conductivity was 1.0 mho per meter. This same program investigated a

series of dielectrically—loaded and end—loaded short dipole antennas for

reducing still further the radiated measurement error. It was concluded

that the best probe performance was obtained by utilizing a set of three end—

loaded dipoles to cover the 20 to 200 MHz frequency range. However, the

evaluation and analysis of these probes were limited and there was no op-
portunity to optimize the lossy vail material or the end—loaded di poles.
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In fac t , the lossy wall material and end—loaded dipole probes, even though

promising , to date have been evaluated only in a model of a full—sized

shielded enclosure and under simulated measurement conditions.

4.4.5 Analysis of Measurement Procedures (14 kIIz to 30 MHz)

Over this frequency range, the size of typical shielded enclosures
relative to a wavelength is such that signal reflection problems associate4

with the 400 MHz to 10 CHz frequency range are negligible. Further, signal

nulls within the enclosure caused by coupling between the monopole antenna

and the enclosure walls are not significant. Therefore, since neither re-

flection or standing wave problems are major, coupling between a source and
receptor in a shielded enclosure and an anechoic chamber can be closely cor-

related. This, of course, ass~~es that identical test configuration . are
used during each series of measurements. That this coupling is closely cor-

related over the 1 to 30 MHz frequency range is shown in Figure 2.

In view of these considerations, the analysis concluded that repeatable
rad iated measurements could be made in a shielded enclosure over the 14 kHz

to 30 MHz frequency range. The measurement configuration would utilize the

monopole antenna, and, when carefully controlled, would yield data closely
correlatable with that measured in an anechoic chamber. However, exactly

what the resulting data means or represents, insofar as “radiated” equipment
characteristics are concerned , is rather vague. This vagueness is attrib-
utable primarily to two factors: (1) the location of the test antenna in

the near field of the test item and (2) the unbalanced nature of the .aono—

pole antenna. Complexity of a radiated wave in its near—field region is

recognized , and measurements made within this region must normally be used

for relative, rather than absolute, purpose.. The unbalanced output of the

monopole antenna results in the interconnecting cable to the test equipment

being responsive to the radiated environment. Position and length of this

cable then influence the level indicated by the test equipment. Consequently,

although careful control of the test configuration permits repeatable measure—

ments to be made, it becomes improbable tha t an accura te measuremen t can be
made. Therefore, valid interpretation and utilization of the measurement

results in analyzing potential system level EMC probelas will be difficult.
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4.5 Test Method RSO2, Magnetic Induction Fields

It is the purpose of this test method to determine the suscep-

t ib ility of Class I equipments (receivers, transmitters, counters, oscil—
loscopes, signal generators, computers, power supplies, etc.) and their
non—power related cables to magnetic induction fields generated by steady

state and transient currents. As such, the following four tests are required :

(a) Equipment case susceptibility to steady state magnetic f ields
(b) Equipment case susceptibility to transient magnetic fields

(c) Cable susceptibility to steady state magnetic fields
(d) Cable susceptibility to transient magnetic fields

The magnetic f ie ld frequency during exposure to steady state currents is to
be that of the power source at the equipment’s operational installation site;
therefore, this frequency will be 60 Hz for FAA equipments. The overall
test procedure specifies that equipments and cable. be individually exposed

to magnetic induction fields generated by test currents circulating through

wires wrapped spirally around them. Susceptibility performance of the equip-

a~~ts is monitored during exposure of the case and cable to the magnetic
field.

Several modifications to the basic test method and its applicability
have been incorporated by the various Notices to MIL—STD-46lA and MIL—STD—
4b?. For ez ple, the Army (Notice 3, MIL—STD— 462) has deleted all require-
ments for the steady state field exposure of equipment cases and has both
changed the method of transient calibration and reduced the transient field

amplitude by a factor of one—half. Also, Army requirements for the test

method were dropped for all power supplies and test equipment (Notice 4,

Ml~,-STD-46lA). mt Air Force (Notice 3, MIL—STD—46lA) required that sup-
port subsystems and equipments have the test procedure Imposed only in those

instances in which systems analysis revealed a necessity for magnetic in-

duction field testing. It is thought that MIL-STD--462B, when published,
will further change the amplitude of the transient magnetic fields to which

equipment cases and cables must be exposed (36].

The test procedure specified by MIL—STD--462 has at least one major
point of confusion. Two current—carrying wires are required to be taped
to each wire bundle in the test set—up. Equipment p*rforaance is monitored
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for susceptibility while steady state and transient currents are circulated

through one of these current—carrying wires at a time. The confusion arises

because the specified test configurations (Figures RSO2—l and RSO2—2) show

only one current—car rying wire; therefore, the location and routing for the

second wire is unknown. Not directly related to confusion with the test con-

f igur ation but a matter of concern is the fact that the purpose aervee by

the second cutrent—carrying wire is also unknown. It is noted that the Army

deleted requirements for this second wire when the entire test proced ure was

rewritten (Notice 3, MIL-STD—462).

Dur ing interviews at and surveys of FAA facilit ies, specific emphasis

was placed on determining the extent to which magnetic induction fields

were a source of interference problems. This emphasis was the result of con-

cern regarding the ability to technically justify recoemendations that FAA

equipments be tested for magnetic induction susceptibility. No incidence

of such susceptibility was reported to have occurred by any of the technical

and operational personnel interviewed . Additionally, surveys conducted in

a cross—section of FAA fac ilitie s failed to reveal magnetic induction fields

to be the source of any identifiable interference problems. These surveys

included an extended observation of typical operational activity in the

various facilities.

Information available regarding the electromagnetic environment in repre-

sentative FAA facilities provided some useful data regarding the need f or

magnetic induction field tests; however, none of this data included a measure

of the ambient levels of 60 Hz radiated signals. At the Los Angeles ARTCC,

the steady state 60 Hz magnetic field caused interference in the Plan Display

when the test wire was wrapped around the equipment case. This interference

was in the form of “display displacement in the TV mode and pattern charac-

ter wobble in the CDC mode” 1371. During the tests in which the test wire

was wrapped around cables in the test set—up, the 60 Hz magnetic field

“caused slight displacement in the CDC mode, none in the TV mode” (38].

Several incidences were reported in which transient magnetic fields inter—

f.red with equipment operation. In most instances, the transient amp litudes

were 50 volts and above, and the interference was in the form of pattern

~1t t r , pattern wobble , disp lay distortion, illegal entry , pattern error

indicat ions, lines on displays, etc. In one incidence, however, a transient
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amplitude of 7 volts was reported to cause horizontal lines on an unidentified

display. Much the same type of interference was recorded during magnetic

Induction field tests conducted in the New York ARTCC [39]; however, the

nunber of reported incidences was significantly less than at the Loe Angeles
ARTCC. In the Oakland ARTCC, only one incidence of magnetic field suscep-
tibility was reported out of a total of 68 tests. This incidence was one

in which transients with amplitudes greater than 55 volta and pulse rates

of six to ten pulses per second “produced errors on tape which prevented

readout” [40] when induced into the tape drive wire bundle. When data from

the three air route traffic control centers are reviewed, it is seen that

approximately 15 cases of magnetic field susceptibility were recorded during

performance of some 225 tests.

It is essential that the above data measured in air route traffic con—

tr?l centers be considered in terms of the technical adequacy of test pro-

cedures specified by Test Method RSO2. Regarding wire bundle test procedures,

two different susceptibility modes, i.e., comeon mode and differential mode,

can exist. Comson mode susceptibility will exist because of the closed loop

formed by the wire bundle under teat and the ground plane or ground conduc-

tor associated with the wire bundle interconnection. Interference currents
f lowing longitudinally in the wire bundle will result from magnetic flux
intercepting this loop; however , their magnitude will be unknown because
the teSt procedure does not define the loop configuration. Consequently,
whether or not an equipment complies with the MIL—STD—461A limits for Test
Method RSO2 is significantly influenced , either intentionally or uninten-

tionally , by t he test configuration used. Since this configuraiton is
unspecified (insofar as loop area formed by the wire bundle, interconnected

equipments and ground return path is concerned), there will be little data
repeatability from tests conducted by different test personnel and/or at

different test locations. Differential mode susceptibility , if it exists,

will also suffer from a serious lack of da ta repeatabil ity because the highly
critical spacing between a teat wire and wire bundle is i&nspee.ified.
However , ther. is little concsrn with data repeatability because field

cancellation effects will preclude most differential mode susceptibility.

These effects result from the fact that the test wire wrapping configuration
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will induce canceling voltage components in adjacent sections of the wire

bundle; consequently, differential mode susceptibility will be almost non-

existent in the wire bundle tests.

4.6 Test Method REO3 Radiated Spurious and Harmonic Emissions,

10 kHz to 40 CHz

This test method is applicable only to transmitters and would nor-

mally be replaced by a conducted measurement procedure (Test Method CEO6).

However, at t imes there are measurement conditionpi associated with transmitters

that ren’~ a conducted test method impractical. Typical of these conditions

are (1) very high output power levels , (2) operating frequencies high enough
that waveguide rather than coaxial cable must be used, and (3) design features

in which the antenna and transmitter are inseparable . It is for condit ions

such as these that this test method is intended.

The measurement procedures required by MIL—STD—462 are clearly appli-

cable only when the direct coupled techniques of Test Method CEO6 cannot

be used . A detailed listing of transmitter operating frequencies versus the

frequency range of the test is provided. Either an EM! mete1~ or a spectrum
analyzer is used as the basic measurement instrument, depending on whether

the test frequency is below (EMI meter) or above (analyzer) 1.0 GHz. No

precaut ions are provided regarding the lower power levels that are tolerable
at the inputs to these instruments. Also, additional precautions regarding
the possibility of spurious response generation within the test instrument

would be desirable. Test procedures that are cumbersome to follow—but essen-
tia l if an accurate test is to be conducted——are provided for th~ 1.0 to 40

CHz frequency range. However , no comparable procedures for frequencies below
1.0 CHz are provided. Further, proce !ures are not adequately provided for

test conditions in which a transmitter operates at or below 1.0 GHz where

•waveguide interconnections are generally applicable.

Changes to these requirements as a result of notices are highly varied .

For example , the Air Force (Notice 2, MIL—STD—462) agrees with the need for

the test and stipulates that it will be conducted only when the conducted

procedures cannot be used and when approval is obtained from the procuring

activity. On the other hand, the Army (Notice 3, MIL—STD—462) has completely
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rewr itten the test method , retaining essentially all of its basic features
but incorporating numerous changes. These changes are individually minor,

but collectively they yield a test method considerably improved in its tech-

nical requirements. #or example, the Army notice adds a test procedur e for
t~e 10 kHz to 1.0 GHz frequency range and recognizes other measurement situ—

at ions likely to arise when testing transmitters.

Interviews with personnel at the various FAA facilities revealed the

prinary cause of reported interference problems to be the “environment.”

At these facilities, the “environment” is a complex sumation of radiated
s ignals from a wide variety of ground-based and airborne sources. It is

therefore understandable that interference problems related to the “environ-
ment” would exist. Further, the surveys of FAA equipments revealed the

expected fact that transmitters and receivers are extensively used. These

equipments are often colocated in the same room or equipment rack; again,

the opportunity for interference is maximized.

4.7 Test Method RSO3, Radiated Susceptibility~ 14 kHz to 10 CRz

Electric Field

This test method is intended to be the susceptibility counterpart

for the emission measurements specified in Test Method REO2. For the 30 MHz

to 10 CHz frequency range, this intent i~ realized; however , below 30 MHz ,
gross errors in this test method exist because of the required low frequency

antenna. Above 30 MHz, all of the Test Method REO2 investigations concerned

with accurate and reliable radiated emission measurements in shielded enclo-

sures are equally applicable to this test method. Because of their length ,

a description of these investigations is not repeated ; however, in suninary,

they resulted in (1) the development of hooded antennas for shielded enclo-

sure measurements over the 400 MHz to 10 GHz frequency range, (2) an anal ysis

of field perturbation and lossy material wall coverings as possible means by

which accurate measurements can be made over the 30 to 400 Mhz frequency

range, and (3) no change in the present MT L—STD—46 1A and MIL—STD-462 require—

ments over the 14 kHz to 30 MHz frequency range.

Below 30 MHz, both Test Method REO2 and this test method require the
use of a 41 inch inonopole antenna with suitable tuning networks. In this

test method , the monopole antenna is required to develop a susceptibility
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environment of 1.0 volt per meter at a distance of one meter. At the lower

end of the 14 kHz to 30 MHz frequency range, the antenna is highly inefficient
and several watts of power must be delivered to the tuning networks if a 1.0

volt per meter field is to be realized. However, at these power levels, the

tun ing inductors saturate and overheating with eventual burnout is a definite

possibility. This situation is made even worse for the Air Force because

of their change to the basic procedure (Notice 3, MIL—STD—461A) which requires

a 10 volt per meter susceptibility environment for “subsystems and equipments

to be installed in an aircraft or other metallic structure.”

Efforts were made by the Army (Notice 3, MIL—STD—426) to correct this

situation by prohibiting use of the 41 inch inonopole antenna and replacing

it by either a long wire or parallel strip line antenna. This necessitated

the generation of two entirely new test configurations and procedures. For

the long wire antenna configuration, a horizontal wire was located at the

longitudinal center of the shielded enclosure at a distance from the ceiling

equal to approximately one—fourth the enclosure height. The wire is held

taut on insulators and the load—end is terminated with a non—inductive resis-

t ance equal to the characteristic impedance. A concentric feeder line extends

from the source end of the wire to the signal generator output. Procedural

details are prov ided by which the wire antenna and concentric feeder line

are to be terminated and a calibration procedure f or relating voltage at a

point on the wire to volts per meter is shown. In the case of the parallel

strip line antenna, aluminum plates spaced 16 inches apart are used to form

an area within which the susceptibility environment is generated. This 18 inch

separation distance introduces a definite restriction on the test item size

(test items must be no closer than four inches to the upper plate), but this

restriction is necessary in order to comply with applicable wavelength versus

separation distance requirements. All test items are tested at orientations

in which openings for power lines, shafts, meters , ventilation , etc, are

positioned toward the top plate. Therefore, a test item with openings on

three different aides could be no larger than 14 inches (18—4 inches) on a

side.

The results of interviews with FAA personnel and surveys of FAA facilities

as presented f or Test Method REO2 are equally applicable to this test method.
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4.8 Test Method (1) REO4, Radiated EmIssions, 20 Hz to 40 kHz,

Magnetic Field

As indicated by the (T) symbol associated with the REO4 number ,

this test method is tentative and intended for “Trial Use” only (see Note
(1) to Table II, MIL—STD—46lA). The test method purpose is identical to

that stated for Test Method REO1, except for the fact that Test Method REO1

is applicable to “electrical and electromechanical equipments” while this

test method is applicable to “electronic, electrical, and electromechanical

equipments.” In both test methods, the intent to measure radiated magnetic

fields emitted by equipments plus their associated cabl ing and interconnected

wiring (including power, pulse, IF , video, antenna transmission and power

cables). In this test method , the applicable frequency range is 20 Hz to

SC kHz , while the Test Method REO1 frequency range is 30 Hz to 30 kllz. From

the point—of—view of test configuration and procedure, the test methods are

also identical in their essential requirements. The only differences of any

consequence are related to the fact that Test Method REO1 specifies use of

an ~1I meter as the basic test instrument while this test method specifies

a magnetic field sensor and electronics.

Regarding the need for FAA equipments to comply with this test method,

the comeents made for Test Method REO1 (Para. 4.2) are directly applicable.

In sunmiary , these connnents noted that (1) no interference problems traceable

to low frequency magnetic fields were reported by personnel at FAA facilities ,

(2) no evidence of interference problems caused by low frequency magnetic

fields was found during surveys of a variety of FAA facilities , (3) measure-

ments made in ARTCC facilities revealed no low frequency magnetic field

problems, and (4) the limited amount of published information regarding the

rationale for MIL—STD—46lA requirements stated that low frequency magnetic

field tests were applicable only to equipments used on submarines.

4.9 Test Method (T) RSO4, Radiated Susceptibility1 14 kHz to 30 MHz

As described in Paragraph 4.8, tne (T) symbol indicates that this

test method is tentative and intended for “Trial Use” only. This test method ’s

purpose Is to determine the susceptibility of all Class I equipments to “radi-

ated fields of specified spectral content and Intensity. ” An electric field
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with an intensi~y corresponding to the applicable limits is produced in a

parallel plat e line . The test item is then placed between the parallel

plates and its operation monitored for malfunction or degradation of per-

formance. The test item must be oriented with the front face directed out

toward the side of the line, with the front face directed along the length

of the lin e, and with the points of maximum radiation, as determined by

probing the faces of the test item, directed toward the upper plate. Also,
the test item must be oriented such that faces with openings for power leads,
shafts , ventilation , etc. are directed toward the upper plate.

The most important advantage of the parallel plate line is that relatively

hig h ( 1 V/rn) field intensities for susceptibility testing can be produced

very effic iently over a wide (14 kHz to 30 MHz) frequency range. The major

limitation of the test method. is that the test item must have a size compatible

with the dimensions of the parallel plate arrangement. These dimensIons (18

inch height), the requirement that the test item be four inches or more from

the upper plate , and the various orientations required will in general limit

all three dimensions of the test item to approximately 14 inches.

44~ _ Test Method REO5, Radiated Emission, Broadband, 150 kHz to 1000 MHz

The purpose of this test method is to measure broadband radiated

~mjss ions from vehicles and engine—driven equipment, including the electrical

equipment , aubassemblies, parts and accessories instal]ed thereon . The equip—

ments for which this test method is intended and the associated test frequency

ranges are tactical vehicles from 150 kllz to I CHz, engine generators from

150 kflz to I CHz , and special—purpose vehicles and engine—driven equi pment

from 150 kllz to 400 MHz. The measuring antennas are oriented vertic ally, ex-

rep s t () me.~ mre rad iat ion from top openings ove r eng ine compartm ents , ;,mI i lien

t hey iri 1~~r a t e J  “at as many pos i t ions ~iro~ind the test  sample ~~ are necessa ry

to obtain an effective test of the maximum radiation.” They are located

horizontally one meter from the outer perimeter of the test sample and ver-

tically one—to— two meters, as necessary for maximum pickup , above the earth.

For measur ing radiation from top openings over engine compartments , the test

:mtennas are located directly over the compartment openings. In each position

of the measurement antenna , the emission level in recorded as a function of

I rt~q’iency over the 150 kHz to 1 CHz frequency range.
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There are two basic modifications to this test method as a result of

notices. The Army (Notice 3, MIL—STD—462) changes t~ e spacing between the

ite n under test and the test antenna from one to two meters, and deletes
the applicability to engine generators. These generators are subsequently

included under the test requirements of Test Method REO2 (Notice 4, MIL-.

STD-461A). It is reported that in MIL—STD—462B, this test method will be

identified as Test Method UMO3 and the upper test frequency will be changed

from 1000 MHz to 400 MHz [4l~ . This is a desirable change since past ex-

perience has shown that broadband signal levels decay significantly above

approximately 100 MHz and few , if any, such signals exist above 400 MHz.
A deficiency of the test method as presently stated in that the test

antenna must be located “at as many positions around the test sample as are

ne~essary to obtain an effective test of maximum radiation.” This statement

is vague and presumably requires receiver frequency scanning while simul-

taneously (1) moving a bulky antenna continuously around the test sample

and (2) maintaining the antenna at a one meter (or two meter persuant MIL—

ST~-.462, Notice 3) fixed distance from the test sample. It would appear more

1o~ica1 to probe the test sample as described in Paragraph 4.2.4.1 of MIt—
STD—462 and required by Test Method REO2. Then actual measurements with the

specified antennas and with frequency scanning could be conducted at the posi-

tions of maximum radiation.

in determining the necessity for requiring this test method, careful

considerat ion was given to the results of surveys at FAA facilities and to

intervi ews with FAA personnel at these facilities. The surveys indicated

tha t nume rous FAA facilities have one or more engine generators and also

may have numerous FAA—controlled motor-driven vehicles. The generators are

likely sources of both broadband and narrovband signals due to commutator

arcing and rate, respectively. Broadband signals are likely from the ignit ion
systems on motor—driven vehicles. Considered with these likely emission

sources were the interview reports of “environmental” interference.

4.11 Tet.t M.th,d REO6, Radiated Emission, 14 kHz to I CHz, Overhead

Power_Lines

The stated purpose of this test method is to measure radiated

em!Hn ions over the 14 kHz to 1 GHz frequency range from overhead power lines
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operating at voltages from zero to 1000 kV. Power lines to PU facilities

are in general owned , operated , and maintained by a utilities company and ,

hence , FAA has limited control over their electromagnetic characteristics.

There are , however , situations in which power source performance criteria

can be established by the FAA and imposed on a utility company when a new

site is being constructed . Further , when a new power line in constructed

in the vicinity of an operational FAA facility, the utility company rafl

he held responsible for any harmful interference that results. As Is

evident , these situa t ions do not fit the conventional electronic equipment

procurement request in which EMC standards represent one of perhaps many

different performance requirements. Because of this, it was initially

agreed that Test Method REO6 was not applicable to these investigations.

After preparation and submittal of the draft version of this Final Report ,

this agreement was changed and inclusion of Test Method REO6 was requested.

in order to accommodate this within tractable limits on the effort necessary ,

the power line radiated emission requirements as they appear in MIL-STD—461A

and MIL—STD—462 are added as Appendix A.
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5. RECCI~1ENDATIONS

5.1 Overview

In the p rev ious paragraphs (Section 4),  a descr iption was provided

of the basic requirements in each of the MIL—STD—461A and MIL—STD—462 test

methods. Additionally, results of the analysis conducted to determine the
rat tonale for each test method were presented. In this Section, these

descript ions and results are condensed to a format that permits specific

recuumm ndat ions to be made regarding the applicability of individual test

methods to the needs of FAA equipments. These recommendations are first

presented in terms of the test methods that should be adopted, then the test
configurations and procedures that should be used, and finally the limits
to be imposed on equipment electromagnetic performance.

5.2 Test Method Recommendations

5.2.1 Test Method REO1, Radiated Emissions, 30 Hz to 30 kHzL

Magnetic Field

It is recommended that FAA equipments not be required to comply

wi th any magnetic field emission tests in the 30 Hz to 30 kHz frequency

range. This reco.miiendation is consistent with earlier actions adopted

for Air Force and Army equipments and is based primarily on the following

rat ionale summary :

I. Radiated magnetic field tests in ARTCC facilities at Los

Angeles, Oakland , and New York concluded that magnetic
field emissions presented no problem.

2. Surveys of equipments and their performance characteristics

at the At lanta ARTCC led to an identical conclusion. Fur-

ther, this same conclusion was reached after surveying equip—

ments at other FAA facilities (FSS, ATCT, RACC sites, terminals,
etc.).

3. The only available sources of information which describe the

original basis for this test method state that it In intended

for Navy application to submarine equipments.
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4, As currently specified , the test procedures have obvious

err ors, are difficult to interpret and require the simul-
taneous per f ormance of tasks that involve tuning a sensi-

tive rece iver, sequencing an equipment throug~t its opera-
tional modes and probing equipment surfaces with a sensor.

5.2.2 Test Method RSO1, Radiated Susceptibility, 30 Hz to 30 kllz,

Magnetic Field

It is recommended that FAA equipments not be required to comply

with any magnetic field susceptibility tests in the 30 Hz to 30 kHz fre-
quency range. Earlier reviews of this test method by the Air Force reached

the same conclusion. Although the Army retained the test method , they
limited its applicability to only airborne surveillance, con~ ass and data
annotation equipments. The primary rational upon which this recommendation

is based is summarized as follows:

1. This test method is the susceptibility counterpart of the

emission tests required by Test Method REO1. As such,

data obtained while performing this test &~hould be compared
with counterpart data from the tests required by Test

Method REO1. However, it has previously been recommended
that Test Method REOI applicability to FAA equipments be
de leted.

2. Surveys of equipments and interviews with personnel in a

cross—section of FAA facilities revealed no obvious need

for this test.

3. As was the case in the analysis of Test Method REO1, this
te st method specifies procedu~es for which no technical
Justif ication wan available.

4. The only available documentation regarding the orig inal
rationale for this test method was concerned with Navy

application to submarine 3quipments.
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5.2.3 Test Method REO2, Radiated Emission, 14 kHz to 10 GHz,

Electric Field

It is recommended that Class I, II , and III FAA equipments be re-
quired to comply with narrowband emission tests over a 14 kHz to 10 GHz

frequency ra~ge and broadband emission tests over a 14 kllz to 400 MHz fre-
quency range. Details of the procedures, configurat:lons and limits

recommended for these tests are presented in subsequent paragraphs. The

primary rationale upon which this recommendation is based is summarized

an follow.:

1. Without exception and despite a lack of any published
rationale, the Army, Air Force and Navy each require

an electric field emissions test for their electronic

equipments.

2. Surveys of equipments in FAA facilities revealed opera-

tional modes, coupling paths, emission levels, and
sensitivities which indicated that electric field radi-

ated emissions must be controlled .

3. Interviews of FAA personnel with equipment operation and

maintenance responsibilities revealed cases of “environ-

mental” interference. Further probing indicated that this

in terference was most probably the resul t of electr ic field
coupling into sensitive circuits.

4. Extensive experience in performing emission tests on a

wide variety of military and consumer electronic devices

has shown that narrowband and broadband emissions up to

frequencies of 10 GHz and 400 MHz , respectively, are
prevalent. If compatibility at the system level is to

he achieved in a cost—effective manner, these emissions
mu st be controlled.
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5.2.4 Test Method RSO2, Radiated Susceptibility. Magnetic

Induction Fields

It is recommended that provisions of this test method not be

imposed on FAA equipments. The basic considerat ion underlying this recom—

i~endation was the fact that the equipments observed during FAA surveys

were designed such that they would not be expected to either emit or respond

to induced magnetic fields. The equipments did not require large currents

in their operation, and cable loops into which currents would be induced

were relatively small in size. This conclusion is supported by the previously

mentioned (see Para. 4.5) measurement series in which only approximately 15

cases of magnetic f ield susceptibility were observed during performance of
225 tests. Few, if any, of these susceptibility cases caused more than a

brief annoyance to facility operation.

5.2.5 Test Method REO3, Spurious and Harmonic Emissions, 10 kHz

to 40 CHz

It is rec~~~ended that Class I FAA transmitters be required to

comply with requirements of this test method as modified by Notice 3 to

MIL—STD—462, when:

1. the transmitter output is greater than five kilowatts

average power, and/or

2. the fundamental frequency is above 1.0 GHz, and/or

3. the transmitter and its antenna are designed to be

inseparable.

It is also recommended that the 10 kRz lower frequency 1.imit be changed to

14 kHz to eliminate the need for another compliment of test instruments and

antennas.

This recommendation is based primarily on the fact that (1) transmitters

with reasonably high output levels are prevalen t at some FAA facilities , (2)
conducted measurements under any of the above conditions would be difficult

if not impossible to perform, and (3) a majority of the reported interference

problems of FAA facilities are described as being caused by the radiated

err4. r oimen t.
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4 5 .2 .6  Test Method RSO3, Radiated Susceptibility,_14 kHz to 10 0Hz,

Electric Fields

As was noted in Para. 4.7, this test method is intended to be the

susceptibility counterpart of Test Method REO2. For the same reasons that

Teat Method REO2 is recommended , this test method is also recommended for

all FAA equipments in Classes I, II , and III; however, this recommendation
is applicable only for tests over the 30 MHz to 10 0Hz freqt ency range. It

is further recommended that tests specified by this test method for the

14 kHz to 30 MHz frequency range be deleted . Electric field susceptibility

tests adequate for this low frequency range are subsequently recommended

(see Para. 5.2.8).

5.2.7 Test Method (T) REO4, Radiated Emissions. 20 Hz to 50 kHz.~
Magnetic Field

ft is recommended that FAA equipments not be required to comply

with the provisions of this test method. This recommendation is based on
the lack of observed or reported interference problems caused by low fre-
quency magnetic fields and the fact that the test method’s intended appli-

cation is to submarine equipments. An additional consideration is the fact

that this test method is an alternative procedure for Test Method P101, which
was not recommended for FAA adoption. The major differences between the

test methods lies in the fact that this method’s procedures are tailored

to a specific test equipment (the Magnetic Field Intensity Meter by Electro—

Mechanics Company) undergoing trial evaluation [42j.

S i ethod (T) RSO4, Radiated Susceptibility, 14 kHz to

30 MHz

It in recommended that Class I, II , and ITT FAA equipments be re-
quired to comply with provisions of this test method as modified and pre—

sented tn Method RSO3 of Notice 3 to MTL—STD—462. This will delete tests

that propose to use the 41 inch monopole antenna and incorporate the option

of using either a long wire antenna or parallel plate line to generate the

desired susceptibility environment. In practice, the long wire antenna
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method is preferred because (1) limitations imposed on the test item size

by wavelength versus separation distance factors are reduced and (2) special
test configuration construction is minimized. When the long wire antenna

configuration is used, the wire should be located between the two side walls
of the shielded enclosure and directly over the ground plane center . Sup-
port of the wire can be accommodated by small hooks that attach directly to

th&• cne~ osuire wal ls. Formu las provided in NotIce 3 to MIL—STJ)—462 plus

published Informat ion [41] regarding long wire antennas In shielded enc lo—
sure,, should be used in determining terminat ions , ca libration factors , e t c .
for this antenna configuration .

5.2.9 Test Method REO5, Radiated Emission, Broadband, 150 kHz

to 1000 MHz

It is recommended that Class IV engine generators and motor—driven
vehicles over which FAA has control be required to comply with requirements

of this test method ; however, the following two changes should be incorporated :

(1) the upper frequency limit should be decreased to 400 MHz and (2) the hori-

zontal distance from the reference point on the antenna to the outer perimeter

of the test item should be increased to two meters.
This recommendation is based primarily on the fact that the most often

reported ~1C problems at FAA facilities were attributable to “environmental”

electromagnetic signals. From previous experience, both unsuppressed gen-

erators and ignition systeme in motor—driven vehicles are known to be prolific

sources of undesired broadband signals. Further, generators have been shown

to provide appreciable levels of undesired narrowband signal at frequencies

corresponding to their commutation rate. Therefore, both of these devices

are thoroughly capable of contributinF undesired “environmental” signals,
and thereby increasing th. possibility of interference with equipment func-
tion ing. Obviously, this is a situation in which there is a concern with

signal emissions, but n corresponding susceptibility concern. It is noted

that , if FAA exercised control over motor—driven vehicles (scooters , low

vehicles , trucks, etc.) used on th. apron area at airports, the provisions

of this test method would also be recommended for application. This recom-

mendation would be based on the fact that these vehicles exist in relatively
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large numbers and are used at times in close proximity to sensitive elec-

tronic equipment.

The recommended decrease in upper frequency limit is based on test

experience that indicates broadband signal magnitudes decrease rapidly

above approximately 100 MHz. Additionally, mechanical de&ign considera-

tions prevent signals related to commutation rates in FAA generators from

being generated above approximately 10 MHz. The recommended change in sep-

aration distance between the antenna reference point and the test item

perimeter is made to improve measurement accuracy by reducing the test item

influence on antenna performance.

5.2.10 Test Method REO6, Radiated Emissions, 14 kHz to 1 GHz~
Overhead Power Lines

As noted in Paragraph 4.11, requirements for radiated emissions

from overhead power lines were added by the FAA after the draft version of

this Final Report was prepared . These requirements are taken directly from

MIl.—STD—461A and MIL—STD—462 and are presented in Appendix A.

5.3 Test Configuration and Procedure Recommendations

5.3.1 Test Method REO2, Radiated Emissions, 14 kllz to 10 GHz

5.3.1.1 400 MHz to 10 6Hz Frequency Range

Over this frequency range, it is recommended that radiated electric

field tests be conducted in a shielded enclosure with dimensions no less than

8 x 8 x 12 feet and that hooded antennas be used for both emission and suscep-

tibility measurements. The wall of the shielded enclosure behind the test

item should be lined with an absorbing material which provides at least —15 dB
reflectivity down to 400 MHz . The antenna hoods should consist of metal

cylinders lined on the inside with Emerson and Cunning Type NZ— l Absorbing

Material, or equivalent. In one end of the cylinder should be an absorber—

lined metal end plate to which is mounted a circularly polarized cavity—

backed antenna with a planar log—spiral element. The opposite end of the

cylinder should remain open and , in its final position in the shielded enclo-

sure, this open end will be directed toward the test item. The inside
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dimension of the hood from the antenna face to the cylinder opening may be

r i fled with an electromagnatically transparent material (Dow Chemical Corpora-
tion Ethafoam®, for example) to provide both support and protection for the

absorbing materia l and antenna. The number of hoods, hood dimensions, and
suitable antennas for this frequency range are given in Table VI. Design

features of a representative antenna mounted in its hood are presented in

Figure 48. Initial contacts have been made with Dr. Fred Morris, Tensor , Inc .,
P.O. Box 14843, Austin , TX 78761, phone: 512—873—4900 who indicated an

Interest in providing quotes on the manufacture of these hooded antennas.

in the past, Dr. Morris’ company has manufactured conical log—spiral antennas

~or EME/F.MS testing and a type of hooded antenna used for helicopter appli—

cat lons .  In Figure 49 , a hooded antenna is shown positioned in the recoin—
mended shielded enclosure configuration. This configuration involves

po.~itioning such that the antenna hood is centered in the vertical cross

section of the enclosure. The test item positioner has both azimuth and

elevation rotation capabilities to minimize difficulties in probing the

various test item faces during radiated tests. The support material for the

test item is stacked to a height that centers the test item and hooded

TABLE VI
SUITABLE ANTENNAS FOR USE IN HOODS

Frequency Hood Die~~J~ons ~~~~~~~~~~~~~~~~~~~~~ -

Range Inside Diameter Length Model Diameter I)epth
(GHz) (Inches) (Inches)

6.0 ~o 10 2.0 1.0 Model ASN lilA 2.0” 1.86”

2.0 to 6.0 4.0 2.0 Model ASN ll8A 3.0” 2.17”

1.0 to 2.0 12.0 4.0 Model ASN ll6A 7.5” 3.25”

0.4 to 1.0 24.0 12.0 Model ASN lilA 13.25” 5.75”

numbers and dimensions correspond to antennas available from American
Electronics Laboratory, Lanadale, PA , 19446. Equivalent antennas are
availabl e f rost other commercial sources .
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antenna. Like the antenna support material inside the hood, this material

is al so electromagnetically transparent. In front and on top of the test

item posit ioner is a layer of absorbing matei~ial used to prevent signal re-

flect ions that could compromise measurement accuracy. This absorbing material

Is necessary only to the extent that metal portions of the positioner extend

Into the beamwldth of the antenna. The hooded antenna is positioned in a

cradle mounted to a heavy duty tripod . Its feed cable is routed outside the

shielded enclosure by means of a bulkhead coaxial connector. Power and con-

trol cables for both the test item and its positioner enter the shielded

enclosure through filters mounted to the exterior vail of the enclosure .

The test item power cord is routed to an impedance standardizing device re-

quired for conducted measurements and then over the ground plane edge to

troughs in the support material. From there, the power cord is routed to

the test item positioner via a cylindrial hole provided in the support ma-

terial and located over the positioner center. Test item interconnecting

cables such as night be required for control, monitoring , etc. are similarly

routed with the exception that they would bypass the impedance standardizing

devices unless they were the object of conducted measurements. In the posi—

tioner , power and/or interconnection cables may use sli p—rings to e li m imi l t’

concern with cable twisting as the positioner is rotated . If slip rings are

not used caution must be exercised to preclude excessive cable twisting. A

circular ground plane of either copper or brass material is provided as a

simulat ion of the ground connection the test item will have in its final in-

stallation. Since no single ground plane can simulate all of those possible

in installations throughout FAA’facilities, the recommended dimensions were

chosen primarily for test convenience. These dimensions are a diameter of

four feet and a thickness of 0.125 inches. The ground plane is grounded to

the shielded room by means of a large braided strap soldered to the bottom

of the ground plane and routed i brough the hole in the support material.

5.3.1.2 3O to 400 MHz Frequency Range

The extensive investigation of test configurations and procedures
applicable to the 30 to 400 MHz frequency range were documented in Paragraph
4.6.4. In this paragraph , it was noted that radiated measurements over this

frequency range are essential because of the number and criticality of FAA
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ecuipments that operate in the VHF frequency band . However, the investigation

of tes t methods and procedures resulted in no measurement technique that would
yield accur ate and repeatable data. Of the techniques investigated , the one

requiring a lossy material coating on the inside walls of the shielded enclo-
sure was most promising. Its evaluation to date, however, has only involved

scale models of shielded enclosures; consequently, it could not be fully recom-

mended until a thorough evaluation using full size enclosures has been con-

ducted .

in view of this situation , it is recommended that radiated measurements

over the 30 to 400 MHz frequency continue to be made using the same shielded

enclosure configuration recommended for the 400 MHz to 12 CHz teats. The

test procedures should be those required by MIL-STD—462 and the biconical

antenna required by MIL—STD—461A for the 30 to 200 MHz frequency range should

be used . In addition , the AEL Model ASN 1232A , or equivalent , antenna should

be used between 200 and 400 MHz. This antenna provides circular polarization

with a planar log spiral design. It is therefore a companion to those an-

tennas recommended for use In hoods at the higher test frequencies.

It is again noted that measurements made with these test configurations

and p rocedures will yield results that are difficult to repeat and inaccurate.

The recommendat ion that such measurements continue to be made should be inter-

preted only as a means of maintaining pressure regarding the need for further

investigations .

5.3. 1.3 14 kHz to 30 MHz Frequency Range

Analysis of the tes t configuration presently required by MIL—STD—

462 for this frequency range indicates t1— -~t it yields measurement data com-

parable to that obtained in a shielded anechoic chamber. Therefore, the

currently specified MIL— STD— 462 test configuration is recommended for FAA

use over this frequency range .

5.3.2__Test Method RE03, Rad iated Spurious and Harmonic ~~ia~ ion,~~
14 kHz to 40 GHz

The test configuration and procedures recommended for FAA use over
this freq uency range are those specified in Notice 3 to MIL—STD—462, with
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t~ u• ~x epUon of the test antennas. The recommended antennas as a function
ol Les t frequency areas follows :

14 kHz to 30 MHz : 41 inch monopole antenna with tuning network

30 to 400 MHz : biconical (30 to 200 MHz) and planar log—spiral
antennas

400 MHz to 10 CHz: hooded planar log—spiral antennas

10 to 40 GHz: horn antennas with dish reflectors

These antenna recommendations are made so the same antennas required
for Test Method REO2 can also be used for this test method . Over the 10

to 40 CHz frequency range, the dish reflectors should be 18, 12, and 6 inches
for 10 to 18 GHz , 18 to 26 GHz , and 26 to 40 GHz frequency ranges, respec-
tively.

5.3.3 Test Method RSO3, Radiated Susceptibility1 30 MHz to 10 CH~r.~
Elect n c  Field

As was the case in Test Method REO2 for radiated emissions,
the procedures of MIL—STD—462 are recommended for FAA adoption; however,
the recommended test configuration involves hooded antennas and an absorber

lined wall in the shielded enclosure. This configuration is described in

detail for Test Method REO2 (Para, 5.3.1.1 and Para. 5.3.1.2). Because of
saturation and overheating problems with the 41 inch monopole antenna and
i ts tuning fletwork, suscept ibility measurements over the 14 kHz to 30 MHz
Frequency range are not recommended for this test method (see Pars. 5.3.4).

The p reviously recommended biconical, p lanar log—spira l and hooded antennas

are app licable for this test method. In the ease of the hooded antennas,

this recommendation is based on the assumptions that reciprocity holds and

that the AEL antennas will tolerate the power necessary to develop a one

volt per meter field at a one meter separation distanc~ Although suscep-

tibility tests using the one volt per meter performance limit were not con-

ducted during these investigations, on numerous occasions hooded AEL antennas

were u sed as the source when antenna patterns are being plotted. All m di—

cat ions were that reciprocity will hold. If the power necessary to establish

the one volt per meter field can not be deve loped by AEL planar log—spiral

I I’~



antennas, comparable antennae manufactured by Transco, Inc. are available.
These antennas deposit the radiating elements on a ceramic material capable

of handling appreciably more p~ ier than phenolic material used by the AEL

antennas.

5.3.4 Test Method (T) RSO4, Radiated Susceptibility1 14 kHz to

30 MHz

The recommended configuration and procedures for this test method

are t hose presented in Method RSO 3 of Notice 3 to MIL—STD—462. Thin notice
deletes use of the 41 inch monopole antenna and its associated tuning net-

work and requires use of either a long wire antenna or parallel plate line

configuration. Although either the long wire antenna or parallel plate

line will yield valid susceptibility data for FAA equipments, the long wire

antenna Is preferred since it doesn’t require any extensive construction ,

can be easily used in the shielded enclosure, and reduces the restrictions

on test item size.

5.3,5 Test Method REO5, Radiated Emissions Broadband, 150 kHz
to 400 MHz

The test configurations and procedures recommended for FAA adop—

tion are those required by Notice 3 to MIL—STD—462. These configurations

and procedures are applicable to Class IV generators and engine—driven motor

vehicles. The test item is set up in a fixed position on the earth with a

two meter spacing between the test antenna and test item perimeter. The

uppe r frequency limit for broadband measurements is recommended to be 400 11Hz.

Ree~~~ended test antennas are the 41 inch monopole with associated tuning

network (150 kHz to 30 MHz), the bicontcal (30 to 200 MHz), and the planar

log—spira l (200 to 400 MHz).

5.4 Performance Limit Recommendations

5.4.1 Approach to Limit Derivation

Many of the requirements in present EMC standards are confusing
and without apparent explanation; however, no aspect of EMC standards I.

as thoroughly unexplained as are th. performance limits that have evolved
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as one standard after another has emerged. It has been correctly noted that

“the historical road from the first formulation of interference limits to

their present state has been long in time but short in technical advancement”

(44J. Almost every effort to analyze their scientific basis ends with the

general conclusion that they are arbitrary in origin, perhaps irrelevant and

bear little or no direct relationship to the achievement of system level EP4C.

Cousequently, efforts to establish new performance limits based on existing

limits is at best a speculative venture.

5.4.2 Test Methods RSO3 and (T) RSO4, Radiated Susceptibilit~~
14 kHz to 10 CHz

With this a priori knowledge of the effort in7olved in establishing

valid performance limits for recommendation to FAA , a rather simplified ap—

proac h generally unencumbered by limits in present and past standards was

adopted . This approach began with analyses of all available data defining

the operational electromagnetic environmer t at FAA facilities. This environ-

ment is known to vary considerably as a function of such factors as time of

day, facility type, relative size of facility, nature of activity, etc.

Therefore, it is not poasible to have definitive data for each of these con-

ditions. For tunately, a series of measurements [6]—[91 were recently com-
pleted in which operational electromagnetic environments in three typical
ARTCC facilities were extensively defined. A portion of these measurement

results were in the form of narrowband radiated emission level. at 59 facility

locat ions chosen to reflect contributions of both automated and nonautomated

electronic equipments. Measurement results for these locations were pre-

sented for each of three different ARTCC facilities. Additionally , comparable
measured data were presented for radiated broadband emission levels. The

applicable frequency range for both narrowband and broadband data was 150 kIIz

to 1 GHz. Correction factors had been incorporated such that all data wi’re

In units of decibels above one microvolt (dBiiV) .

To reduce these data to a usable form, five discrete frequencies (150

kHz, 1 MHz , 10 MHz , 100 MHz, and 1 GHz) were selected . The reported narrow—

band and broadband emission levels at each frequency and at each facility

location were tabulated. From this tabulation, a composite emission level
wh ich approach ed the max imum measured level was iden ti f ied for each freq uency
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at all three facilities. This level was then plotted in units of dBuV

versus frequency and a straight line curve was used to connect the data

points. “Reverse” correction factors were then determined so the narrow—
bard and broadband emission levels could be presented in units of dBiiV

per meter (dRiiV/M) and dBvV per meter per megahertz bandwidth (dBuV/m/MHz),

rempectively. These factors were then combined with the plotted data, and
the result provided a composite view of the measured operational electro-

magnetic environment in 118 locations in three typical ARTCC facilities.

These results are graphically shown in Figures 50 and 51. As is evident

from the figure., the maximum narrowband and broadband environments were

approximately 76 dB~V/m from 1 to 100 MHz and 115 dBi~V/M/MHz from 150 kllz
to 1 MHz, respectively. Therefore, any new equipment located in these

facilities would have to be capable of withstanding these narrowband and

broadband levels.

There was an awareness that these levels were applicable for only three
ARTCC facilities, and that they were not necessarily representative of opera-

tional environments at other FAA facilities; however, no measured data

defining environments at these other facilities were available. Consequently,

20dB (a voltage factor of 10) was added to the 76 dBuV/m level to account

for the possibility of higher emission levels at otL~er types of FM fa rlil t i es ,

and the maximum narrowband environmental level became 96 d~~V/m (63 millI-

volts per meter). Finally, a safety factor of 24 dE was incorporated , largely

for convenience, to make the final maximum narrowband environmental level

120 dBiaV/m (1.0 volt per meter). Rather than have multiple susceptibility

levels as a function of frequency, the 1.0 volt per meter level was made appli-

cable from 14 kHz to 10 GHz.

The 1.0 volt per meter level derived as described above is recommended

for FAA adoption as the susceptibility limit for the 14 kilz to 10 GHz fre-

quency range. When this reco~~~nded Level was compared with comparable limits

from other EMC standards and specificat ions, the 1.0 volt per metar appeared

to represent an average of other limits. For example, this level is coinci—

d~nt with the level required by MIL—STD—46lA (Para. 6.19), but is 20 dB lower

than the limit required by MIL—STD—826 [45]. Meanwhile, the MIL—I—618lD

(46~ , MIL—1-26600 [47], and MIL—I—11748 [48) narrowband susceptibility limits

were approximately 20 dB below the recommended 1.0 volt per meter level,
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It is noted that presen t modifications to MIL—STD—461A (Notice. 2 and 3)

increase the susceptibility limit for Test Method RSO3 to 1.0 volts per

meter (plus an optional 20 volts per meter) over major portions of the fre-

quency band. Also, the proposed MIL—STD—46l8 will reportedly [49) require

a susceptibility limit of 10 volts per meter and higher for all sheltered

equipments. It is equally interesting to note that the change in MIL—STD-

461B is said to be “due to both political considerations and operating

exper ience” [50].
Although there was a desire for this recommended limit to be consistent

with future trends in MIL—STD—461A, the fact is the available data obtained

during extensive facility measurements does not support an EMS limit greater

than the 1.0 volt per meter.

5.4 .3 Teat Met hod RE02, Radiated &nlsaiona, 14 kflz to 10 GHZ,

Electric Field

In the derivation of a narrowband emission limit, it was evident

that the total allowable emission level must be below the susceptibility
level. This difference in limit levels must not only allow f o r  a safety mar-
gin between the emission and susceptibility levels, but must also account

for (1) the possibility that more than one emission may be present at a given

frequency and time, (2) the decoupling between equipments, and (3) the ac-
curacy with which radiated measurements can be made.

The safety margin needed between susceptibility and emission limit

levels was considered with the anticipation that a future FAA system level

standard will impose a safety margin (possibly 6 dB) in addition to the

equipment level standard. Consequantly , a 6 dB separation between limit

levels was felt to be sufficient for inclusion in the equipment level Stan-

dard. It was considered unlikely that two or more narrowband emissions would

occur at the same time and frequency and in phase; however, to account for

the possibility that at least two such emissions might so occur, the emis-
sion limit level was further reduced by 6 dB. The accuracy of commercially

available test equipment and personnel operation of this equipment provided

the basis for an addition 3 dB reduction in the emission limit level. The

decoupling between equipments within a FAA facility is virtually impossible
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to pred~ct . For example, equipments may be located side—by—side or separated

by s hundred feet and a metal wall. As an arbitrary estimate of this de-

coupling , a further reduct ion of 3 dB in the emission limit level was

estahlfsh ’d . F inally, an addition of 40 lB was incorporated as a means

of assuring that undesired emissions were reduced to a point that they didn ’t

unnecessarily contribute to spectrtmi pollution. This overall value of 58 dB

was then rounded off to 60 dR and then subtracted from the susceptibility

limit of 120 d~ jV/m . The result is a recommended narrowband emission limit

of 60 dBp V/m This limit is plotted in Figure 52 with the present MIL STD

4blA limit and the relaxed MIL—STD—46lA limit required by the Air Force.

Also show for reference is the narrowband emission limit imposed by the

Cotsite ’ Internationa l Special Des Perturbations Radioetectriquen (CISPR)

and the Verband Deutscher Elekirotechnikes (VIlE) organization [511 in Europe .

From this plot , it is seen that the recommended limit is more lenient than

the most liberal MIL—STD—461A limit by an average of approximately 15 dB.

As was the case for the recommended susceptibility limits , there was a desire

to make these recommended limits consistent with those existing in MIL—STD—

461A; however , the available data defining the electromagnetic environment
at FAA facilities would not permit this without introducing totally arbitrary

“correction” factors.

Derivation of a recommended broadband emission limit wan undertaken

a Long two independent courses. The first of these was parallel to the

course pursued in deriving the recommended narrowband emission limit. There-

fore , ‘he broadband emission levels measured at the ARTCC facilities and

plotted in Figure 51 provided the starting point. Added to this was (1) a

20 dB factor to account for the possibility that higher level signals
might exist at other types of FAA facilities and (2) a safety factor of

24 dB. The result became a curve that in effect represented a broadband

auscaptibility limit comparable in nature to the 1.0 volt per meter narrow—

bnnd susceptlbil1ty limit. Then to assure that broadband emissions were

not ;itlowed to exist with sufficient amplitude to exceed this limit , var ious
fsctors were derived to modify this susceptibility limit to yield a broad-

band emission l imit. As in the case of the narrowband emission limit , these

factors totaled 58 dB. They were applied to the broadband susceptibility
levels to yield a broadband emission limit as shown in Figure 53.
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The second course taken during this effort involved deriving broadband

emission limits from existing narrowband emission limits.

The broadband limits were to be derived such that the previously derived

narrowband emission limits were not exceeded . Two factors had to be consid-

ered In this derivation. First , there exists the possibility that the maximum

I)(~ak l eve l resulting from the uncorrelated components of a broadband emission

will not be present during the short time over which a measurement Is mathS.

if this max imum level is present , there is an additional possibility tha t

it will be of such short duration that the measuring device will indicate

the average peak amplitude rather than the desired maximum peak amplitude.

The maximum peak amplitud e of the combined emissions is the quantity which

m~is t not exceed the narrowband emission I imi t .  Therefore, the broadband

l imit must conservatively restrict the average peak amplitude to some level

below the permissible narrowband level. Secondly, a broadband emission by

definition exhibits a frequency spectrum wider than the bandwidth of the

measuring instrument. Consequently, the bandwidth of the measuring Instru-

men t will influence the detected level. For a uniformly lint spectrum , the

detected voltage l evel will increase in proportion to the bandwidth of the

measuring instrument. The broadband limit must reflect thin proport ionality

In order to maintain consistencies between measurements made with instruments

with different bandwidths. These factors were separately considered In the

t’stablish,nent of broadband limits to the extent indicated in the following

(Ii SC IIRS iOn.

If the emissions within the measurement bandwidth are uncorrelated , the

peak signa l level at the instant of measurement will not necessarily be the

m .ixim im leve l which could result if all emissions were instantaneously added

t~~getl ier .  I’he probability of random emissions adding together to produce
.m em iss ion in excess of some predetermined level has been explored In deliiil

by ( ommilnicat ions spec ia l is ts .  If the narrowhand limi t Is viewed ,is an

“omiss ion ” level and the broadband limit as a “noise” leve l , Lhen a separation

factor can he established which will minimize the possihi lity that the broad—

band emission will ever equal or exceed the narrowband l imit.

The likelihood of the peak level of an uncorrelated broadband emission
equaling or exceed ing the narrowband limit can be reduced to 1:100 by re—

(lur i ng the broadband limit to at least 10 dB below the narrowband limit [521.
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An ord er  of magnitude Improvement to 1:1000, which represents a potential

er ror of less than 0.1 percent , can be achieved by reduc ing the broadband
l imit to 12 dB below the narrowband limit. To reflect this high confidence

level of 99.9 percen t , the broadband emission limits should be expressed as:

Broadband Limit Narrowband Limit — 12 dB.

Since the bandwidth of the measuring instrument also affects the m di—

(.lted leve l on the field intensity meter , a correction factor based on the

r~ t io of the impulse bandwidth (18W ) to a reference bandwidth is necessary

t o  ‘-elate broadband emissions to narrowband emissions. The IBW is the equlva—

1’~nt noise bandwidth (sometimes referred to as the instrument bandwidth) of

the measur ing instrument. The equivalent noise bandwidth is defined as that

ideal rectangular passband function which would transfer the same noise power

t o  the rece iver detector as is actually transferred by the RF and IF fllters .*

his tor i c al l y, in the establishmen t of broadband limits , a typical or maximum

1 11W has been assumed and the narrowband limit then Increased by the amount

of the resulting correction factor. With current ly available instrumenta-

t ion , the 18W will vary from 100 Hz to as much an 10 kHz over a frequency

range of 1 kHz to 30 MHz . Since test instruments with different bandwidths

may be used by d i f f e r e n t organiza t ions , the proper correction factor is dif-
f icu lt to predict in advance. Consequently , instead of presenting the broad-

band l imi ts in a graphical form based on some assumed bandw idth , the broadband

l imit should be derived by test personnel using the narrowband limit and it.

w ill be .i function of the specific measuring instrument employed . The 18W

must therefore be determined for each measuring instrument If it Is unknown .

(.oner;i I ly , the 18W is relatively constant across the tuning range of a parti-

cular ~cinin g head since it is generally determined by the IF stage . However ,

It quit e Likely will be different for different tuning heads. For measuring

Inst rcimciits such as spectrum analyzers and the continuously tunable field In—

teasI ty meters , the T R W is probably constant over a particular swept frequency

region.

*For a sp~cif1r mathematical definition , see ~~~~~~~~~~~~~~~~~~~~~~~Modiilat Lo~, and Noise by Miacha Schwartz , McCraw—Hill Book Co., Inc .
New York , 1959.
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A first-order approximation of the equivalent noise bandwidth of a syn-

chronously tuned filter is given by the 6 dB bandwidth. This approximation

is not valid , however , for many types of filter responses. The IBW of a

f ield intensity meter may be accurately determined through the use of a

standard signal generator and an impul8e generator calibrated in terms of

voltage per frequency unit. First , the field intensity meter is tuned to

a narrowband signal of known level (determined by the calibrated output at-

tenuator of the signal generator) and the indicated reference level is noted.

The field intensity meter function switch is then switched to the broadband

or “Peak” position. The calibrated impulse generator is then substituted

for the narrowband source and the level is adjusted to obtain the previously

noted reference level. The 18W in MHz is then determined from the following

relationship:

IC Output — SG Output 20 log1~ 
1 Mh z

where IC Output = impulse generator output in dB/pV/MHz and

SC Output signal generator output in dB/uV .

This bandwidth correction factor in dB is added to the basic limit . Conse-

quently , the expression for the broadband emission limit then becomes

BB Limit NB Limit + 20 log10 
1 MHz 

— 12 dB ,

where BB Limit broadband limit in dBpV/m /MHz , and

NB Limi t — narrowband limit in dB;iV/m .

Since the narrowband emission limit is a constant value of 60 dBt iV/ m over
the frequency range of 14 kHz to 10 CHz, the expression for radiated broadband

emission limits may be written as

RB emission Limit 48 dB + 20 log

To illustrate the relative levels which might be obtained for various

Instruments , some typical measurement bandwidths were assumed and the resul-

tant limits were calculated over a 150 kHz to 1 CHz frequency range. Thece

limits are compared in Figure 53 with the limits presently imposed by MIL—

STD-461A and the limits derived by the first approach described above. For

further comparison , the broadband emission limit used for European EMC tests
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and Imposed by Comite ’ International Special Des Perturbations Radioelectriques

(CI SPR) and Verband Deutscher Elektrotechniker (VDE) standards (51] is also

plotted in Figure 53.

The broadband emission limit reconunended for FAA adoption is the one

derived by the first approach described; however , since broadband radiated

tests are reconunended only to a frequency of 400 MHz, this limit is appli-
cable to only 400 MHz. It is noted that , in the mid—frequency range, these

rec otmnended l imits are more lenient than the present MIL—STi)—461A limits by

as much as 21 dB. At the high and low frequency ends, the limits imposed by
MIL—STD—461A and those recounnended for FAA adoption are essential coincident.

5.4.4 Test Method R803, Spurious and Harmonic Emissions, 14 kHz

to 40 GHz

No specific data were available on levels of spurious and hartnenic

exnlssions from transmitters at FAA facilities; nowever, it was considered

necessary that these emissions be reduced to the maximum permissible level

by the state—of—the—art. The primary basin for this was the fact that (1)

FAA operationa require the use of large numbers of transmitters and receivers

and (2) the most often expressed interference problem at FAA facilities was

caused by environmental radiation. Previous experience in spectrum signature

testing had established that well designed transmitters with relatively low

peak power outputs typical ly exhibit low order harmonic emissions that were

reduced approximately 60 dB below the fundamental. As either the power out-

put level or harmonic number increased , the harmonic emission level must

correspondingly reduce if interference and spectrum pollution are to be pre-

vented . In most instances, well designed output stages in transmitters

result in spurious emission levels that are somewhat below the permissible

harmonic emission levels .

in reviewing the MIL—STD—46 1A limits for this test method , it was noted

tha t a con8tflnt —60 dB leve l for both spurious and harmonic emissions was

requir ed over an appreciable range of output power levels——lOU to 10,000

w.itts pe;ik. The fact that the spurious and harmonic levels were identical

and the constant limit over a wide range of transmitter output power levels

wer ’- bot h considered undesirable. In Notice 3 to M1L—STD—461A , it was observed

t hat a mci- c ’ desirable limit was imposed . This limit , shown in Figure 54 ,

128



. 4 ,  4 ,  
~~~* , ,  4 ,  ‘ ‘

‘ 1  
~~~

‘

_ II ~~~ He . ,  ~~ I —

: :;~ :~4 

~~~~~~~ ~~~

, •  ~~~~~~~~~~

-. -

~~~~

- .-

~~ t~
-
~

--

~
-t
~ ~~~~~~~~~~~

I t
• -. , ‘ r ,

~~ ~~~~ .- . • • . . —
~~ -i--

L
t 

~ ~~~ ~
A : 1 . x

~~~~~~~~~~~~ . —- — ~ .~ . - ~~~~ . 4 . - o.t~ 
—

p 4 .

t t l ’  ~~~~~~ ‘ P~~~~’ ’ ~~ t ’ ~~~ 
.
~~~ 

- 0
‘ ‘ 4 ,  ~~~~~~~~~ P -  . -~~~ • 4 * ~~~~~~, ~~~ -~~~~~~ - •~~~~~~. —  — 0

+ • -~~~~~ •

~~~~~~~

-

~~~ ~~~~~~~ 
~~~~~~~ 

. —

: ‘ ~ I H  T’1i
’
~~~~~~

’ ’
~~

i ’

-. 

I i 
- _____ _ li .11± 0 ~0 4J IJ-, .—. . -.,4 • 4- -+ - I- ,..4 ~ 1J4 ... -.— • , 4- .- • — - 4 — 4  .,.4

~~ 

~~~~~~~ 

~~~~~ 

~~~ 

‘ 
~

‘4

_4 .—4 ~~ ~~4. , 
~~~~~~~~ 

.
~~~~

.. ~~. - . - . , ,_ _~
~~~~~~~~~~~~~~~ ;

4
4 ,

~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

~~~~~ ~~~ 
+:~: ~TT

4 4  +

~~~~~~ 

‘ —4~4k1_~~~

0 0 0 0 0 0 0 0 0 0
— 0 ~~ N. •.O ~~ -*

I I I I I I I

1t U.flh1IPU~ 4 0~2 ~ A~~IØ1~~ J ~p u~ uuu~~~uv ~e suojssjtu j Jo ã~1I’iO~

129

-



requires different limits for spurious and harmonic emissions, has a var iable
level as a function of transmitter output , and requires emission levels to
be consistent with the state—of—the—art in transmitter design. This limit

is therefore reco~~ended for adoption by the FAA.

5.4.5 Test Method REO5, Radiated Emissions, 150 kHz to 400 MHz,

Broadband

In deriving suitable performance limits for the Class IV motor

vehicles and engine driven generators to which this test method is appli—

cable , it was noted that the basic MIL—STD—461A and its Notice 4 modifica-

t ion both Impose requirements that are applicable for much more critical

equipments. If this approach were followed by the FAA , the same performance

limits for essential ground—to—air coimnunication equipments would be im-

posed on emissions from motor vehicle ignition systems. Although ignition

system emissions could be made to comply with such limits , the requirement
was considered unjustifiable and cost—ineffective . Further reviews of re-

quirements imposed on broadband emissions from Class IV equipments revealed

that the Air Force in Notice 3 to MIL—STD—461A relaxed the performance

imits by 30 dB for “subsystems and equipments not related to electronics
01 cosinunlcations used for many general military needs and usually not

associated with a specific system.” The subsystems and equipments to which

this classification was applicable were listed as portable and semi—portable

tools, construction equipment, automotive type equipment and machine tools.

In view of the fact that engine driven generators and motor vehicles will be

located and operated in areas separate from Class I equipments , radiated

levels which arrive at these equipments should be significantly reduced .

The refore , the 30 dB relaxation of limits used by the Air Force appears
realistic. Consequently, it recomeended that the FAA adopt the broadband

emission limits of Test Method REO2, alter a 30 dB relaxation has been incor-

porated , as the Test Method REO5 performance limits. Since this test method

is applicable over the 150 kHz to 400 MHz freq uency range, the Test Method
REO2 limits over this frequency range only are applicable.
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6. SUMMARY

Tn the preceding paragraphs, radiated emission and susceptibility test

requirements current ly imposed by MIL—STD—4ólA and MIL—STD—462 have been

extensively analyzed to determine their applicability to FAA equipments.

Resulting from this analysis has been a series of recommendations aimed at

assur i ng that only justified test requirements are imposed by the FAA , and

that t hese requirements yield data which are accurate , repeatable , and use—
l i i i  in  establish i ng system level EMC. To assist in determining the recom—

mended t e st s  and their applicable limits , Table VII and Figures 55 and 56
hivi. been prepared . Table VII presents the recommended test methods as a

ftrnt L ton of freq uency range and equipment class; additionally , the measure-

men t .-intennas needed for each test .are given. Figures 55 and 56 present the

purlormance limits recommended for each test method . It is noted that no

test methods are recommended to complement the broadband emission test in

Test Method REO2 or the broadband emission test in Test Method REO5; there-

fore , no performance limits for these tests are shown in Figures 55 and 56.

In Append ices B and C, modifications to the radiated requirements in

M II. -’-~ID—461A and MIL—STD—462, resp~ ctIvel y , are presented . These modifications

when u sed wit h the two basic standards , comprise a FAA document to be included

o I ut t ire ~‘ I €‘ct run Ic equipment Procurement Spec if l..i t Ions for the purpose of

Im; uu —.ing real ist hr e let-t romagnetic u’mls’d on and s us c e p t i b i l i t y  controls.

I t  is noted as a part of this Sunusary that , throughout these technical

invest igations , efforts were made to determine whether recommendations

herein were consistent with the conclusions drawn in the reports 161—1 91

wh ich  documen t ed measured radiation l evels In ARTCC facilities . For the

most pa rt , consistency has been realized . Where tnconsiat~ncles exist ,

they are largely attributable to a difference in philosophy. To illustrate ,

the measurement reports recommend in several instances that radiated perfor—

manrt’ limits In MIL—STD—46lA be changed to conform with the measured electro—

magne t ic environment. This recommendation does not consider the adequacy of
t h e  p rocedures used to measure the environment , the reliability and repeat—

a b i l i t y  of the resulting data , or the fact that the electromagnetic environ—

mi~ni -;In I)C changed vIa a program of EMC control. During these investigations ,

u’IIg Int~ering judgements were made to account for these factors by means of a

131



4 4

I
.

~~

a

ii! ~! 3.3~~ ... ~~~~~ : 3
~. 5~~~ . • I• .~ 0 C S • ~4 ~~~—. 4 . .  4 0 - .• C — • 0 —

~ iii i~j~ iii!~ j 
~J •

L/. q ~~~~~~~~~~~~~~~~~ “
~~~~~~34 U —.• ~~~~0 4 0  C • 0 0 £  C — ~C ~~ — — 0 — • o a

4 5 4 • S
~~~~~ ~ s ..

~~~~~

14 ~~~~~ 0 o~~~

~
Li ~~
-~ 14

-~ c~ a ... -
LI U

I .
..

I’. ..~~~~C
43 C.

2 2 2

-~~ ~~~.. 5.  • 4 •~~ $-‘I.. r i..

il ~J
fi

132

--A ______________________



ml —

4.~ 0
• .ø’ -.- .. . - *  • . . - -. . . —  0

• 0
.4’ Ui. • 0 . .  • • . . . —- .0 . 4 ’ .
•44 • .
‘I

I I
z /

4’
S

I— 1 . 1  . 1 
_ _ _  _ _ _  _ _ _

0 0 0 0 0 0 0 0 0
~~ r u — 0 1— .0 If t

— —

zH~4/ua/f~rtgp puu w/j~r1qp

133



• ____ 
____  

~~~~~~ 
..L_. -~~ 

. -~~ - ~. ~~~~~~~~~~~ ~. 4—.--~. 8
• , : . ~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

~

• 

\

~ - i t t ‘~~~~~~~~~~~~~~~~~~~~~~ ‘ . -  • 
~~~~~~~~~ .4

- • 1-4- g - - ,  -~ 4 .1-
I I I

• • , - • I . • ~~. • • .. ,_ . . L~~. . 4 - .  • 
~ 4

H - H
.-.••.— —C. .—.—.—•-. — .-i..-4— — — -C— • ~ — — ——,_—4.-~ .-- -_4_. _.__.- 4 — ~

. ....___ 0

H HH ~:H ~~~ ~~~~~ i—~i-~ ++~ ~-%f
. .  PL~~~~4. .~~~~~~, .  ~~~ . - , . • •  .~S

~~~~~~~~~~~~ ~~~~~~~~~~ • . . I . 4 . .  ‘ • .

I 5. 0
ti

H I
- . -- -_ -_~~~ - - L.~ ~~~~~~~ -C-~-~ ~~ .-C H— -i---—— —-i---- o

: : . ~~~ H : ;  : , : :  ~::HT~H . H ~~ : : : : H ., ’ —~ 
‘—‘

usI I us
I ’ ’ ’ . 1 4 ,  0

‘ I  ~, . P l  • •  i , • ~~~
, , • .,—4 0

I us
* ‘ ‘ ‘ i  • ‘ ‘ ‘  4 - 4  . us l.A

H . . 
, 

I I  .
~‘ I 5..

4 ’  i ’ • 1~’ • ~~
. ‘ ‘

I H —
H: .1 . .  4 ’ ~-~-— : . ; ~~ ~~~~~~~~~~~~. • . • j~~

, - . - . • - • , • - • ,
. . • •  

‘
~~~

• ‘

k r ‘ ‘ , us
I i —  .‘ :i l

~~~~~~~~~~ { t
-t .

0 I I

~ 

i. . • ~~ • l , • • ~~~~.~ ~LI
I. ‘ I -

~~ • I I  “
• I ‘ 0 41

— , I i

• ‘ I , ’ .,...,,1.._ ’
~~~

. . . -  tf—:- ~~~~~~~~ ~~~
- -

~
-
~~~

- :  
~~: - - -  i~~~

- - -
~
--i--

~~~~ ~~~

• • . .
~~~ , : , .  • , ~~~ t , ,  . I .1: ~h IL L °

~~~~~~~~~~~~~~~~~~~ ~~~~ 
—

It, 1UaWVPUflA 01 ~A J~~tJ~~J)j ~
p uj sUUa~~uV 11? uo~ swJuz~ Jo .1a~ u~

134

_ _ _  -~~~~- - . - -~~~~



ph i losophical stance that viewed equipment performance and the ambient elec—

tromagnetic environment as integrally related. A degree of latitude was
then possible in recommending levels for emission and susceptibility per—

formance limits.
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Radiated Test Requirements for Overhead Power Lines
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- . METHOD REO6

RADIATED EMISSIONS , 14 kHz to 1 GHz, OVERHEAD

POWER LINES

1 . Purpose and A2p1 tcabil~fl — The purpose of this procedure ia to
m~~~ iire radiated emissions from overhead powe r lines operating at volt-
ages up to 1000 kV . The measurements shall be made in the frequency
range from 14 kHz to 1 GHz .

2. ~pparatua — Test apparatus shall consist of the following :

( a )  EMI Meter (in PEAK position) .

(b)  Antennas.

3. Test Set up~~~d Procedure

3.1 The test setup shall be as shown in Figure A—l .

3.2 Measurement Locations — Measurements will usually be required

near a critical area. In order to determine If the power l ine is the source

of interference , meas~’rements will be necessary at two or more locations

along the line length. For voltages from 0 to 70 kV , measurements are made
oppos ite t owe r or pole on one side only . For voltages from 70 to 1000 kV ,
weasurements shall be made on both sides of the tower as shown in Figure A—I.

3~_j49npower Line Interference — If it is suspected that the emission

measured is other than from the power line , readings at several frequencies

shou ld be taken at several distances greater than 50 feet , perpendicular to

th L~. powe r line . Typical measurements of interference from power lines show

a l/d 3 , l / d 2
, or lid relationship with distance from the line , depending on

t ht I requen y.
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X
MEASu RE ON BOTH SIDES OF TOWER
AT VOLTAGES FROM 70 — 1000 kV

MEASURE ON ONE SIDE OF TOWER
OR POLE AT VOLTAGES FROM 0 - 70 kV

LOCATION OF MEASURING ANTENNA

so ’ OUTSEDE
PHASE CONDUCTORS

LINE TOWER~~~~~~~~~~~~~~~~ 

~ 

[
50’

P LAN VIEW

LOCAT ION OF MEASURING ANTENNA

GKOIJNI) W I R E

—

~~~~~~~ ~~~~~~~~ 

~~~~ PHASE CONDUCTOR

GROUND LEVEL

~~~~~~~~~~~ ~~~~~ ~~‘~,
‘% ~~~~~~~

ELEVATION

Etg,,re A-I. Antenna Locations for Power Line Interference Measurements.
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4. 
- 

Notes

4.1 Ahtenna lbolation — Proximity effects from nearby objects shall
be avoided when making measurements. Measurement of radiated broadband
impulse-type interference will be influenced by conducting objects , including
personnel , in close proximity to the antenna .

4 . 2  Monitorj p~ — Meters , either indicating or graphic , 9hould be

installed near the measurement location to monitor the line interference

whUe measurements are being made. Readings should be repeated if the

monitor shows greater than 6 dB changes . It may be necessary to determine

that the entire length of l ine is within the same weather environment before

prot eeding with further measurements ; otherwise the effects of both fair and

foul weather data will be included in the line measurement .

4. 3 ()p~ rating Condition

4.3.1 The transmiøsion line ~hal1 be operated near normal oper-
ating voltage, during the entire time of test. The actual voltage or

variations thereof can be determined from indicating meters usually available

at a sub—stat ion.

4 . 3 . 2  Weather Conditions — Measurements shall be made at a t ime
when humidity and temperature conditions do not cause condensation of mois-

ture wet (rain or snow) weather conditions; however , the entire length of

the line shall be under the same conditions. It is permissible to avoid

nx’as’Irernents during short term dry spells , when insects , dirt , dust and

vegetat ion ga t her on the conductor or other line parts and may cause high

interference levels.

4.4 Measurements with the biconical antenna shall be made in both the

vertical and horizontal position .

4.5 Measuring antenna shall be positioned on a tripod one meter

above ground.

4.6 Emission limits shall be as shown in Figure A—2 .
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APPENDIX B

FAA Radiated Notice to MIL—STD—461A

MIL-STD—46lA
FAA Notice 1R

I
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Ml L—STD—461A
FAA Notice JR
10 March 1976

FM STANDARD

RADIATED ELECTROMAGNETIC INTERFERENCE CHARACTERISTICS

REQU I REMENTS FOR EQUIPMENT

This notice is applicable to all FAA procurements. It should be filed
In f ront of MIL—STD—461A , dated 1 August 1968, and supersedes that document

in those areas detailed herein .

TO ALL HOLDERS OF MIL—ST D—46 1A:

Make the following changes.

1. Page 1 - In t i t le delete “Military” and substitute “FAA”.
Delete l)o[) seal and substitute FAA seal .

2. Page Ii — Delete “Department of Defense” and substitute “Federal
Aviation Administration ”.

In title delete zip code 20360 and substitute zip code 20590.

Delete paragraphs 1 and 2 and substitute:

1. This standard is mandatory for use by all Departments and Agencies
of the FAA.

2. Reconvuended corrections , additions , or deletions should be addressed

to Systems Research and Development Service, Code 350, Federal

Aviation Administration , Washington , DC 20590.

3. Pagi. III — In second paragraph , delete “military ” and substitute “FAA ”.

4 .  Pages  l v  t h r o ug h  v i  — Delete and substitute the attached Table of

Contents , List of Figures , and List of Tables.

5. Paragraph 1.1 - In the third and fourth lines , delete “for general or

multi-service procurements and single service procurements” and sub-

stitute “for FAA procurement”.

6. Paragraph 1.1.2 — Delete “MIL—STD—462” and substitute “MIL—STD—462,

FAA Notice 1R”.
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7. Paragraph 2.1 — Add the following documents:

PROG RAM PLANS

FAA—RD—7 6—75 — Electromagnetic Compatibility Program Plan

STANDARD S

MIL-STD—461A , FAA Notice lC — Conducted Electromagnetic Inter-
ference Characteristics , Requirements
for Equipment

MIL—STD—462 , FAA Notice 1R — Electromagnetic Interference Charac-
teristics, Measurement of

8. Paragraph 3. Delete and substitute the following paragraphs :

3. DEFINITIONS

3.1 Definitions. - The terms used in this standard and not defined

herein are defined in MIL—STD—463.

3.1.1 Equipment. - For the purpose of this standard an equipment is

defined as any electrical, electronic , or electromechanical device
intended to operate as an individual unit and performing a singular

funct ion.

3.1.2 Subsystem. — A subsystem is defined as an assemblage of devices

and/or equipments designed and integrated to function as a single

entity but wherein any device or equipment is not required to function

individually as defined in paragraph 3.1.1.

3.1.3 System. — A system is a collection of equipments and/or subsys-

tems integrated as a functional whole and intended for installation

in fixed locations.

9. Paragraph 4.1.2 — Delete and substitute :

4.1.2 FAA_Furnished Equipment. - Equipment furnished by the FAA to a

ont ractor may, unless the test data is furnished by the FAA , require

additional testing by the contractor for conformance to the equipment

item class and limit requirements. Application of suppression measures

to meet the requiremen ts of this standard shall be detailed in the

Control Plan.

8—3
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10. Paragraph 4.1.3.2 — Delete and substitute :

4.1.3.2 When Government approved equipments are selected for use

with or to become a part of any FAA equipment configuration, the
requirements of 4.1.3.1 apply .

11. Paragraph 4.1.3.3 — Delete without replacement .

12. Paragraph 4.1.4 — Delete the phrase “shall meet the appropriate

requirements specified in Appendix A of this standard” and substi-

tute “shall meet the requirements of this standard . Any deviation
from the application of these teat requirements must be submitted
for evaluation and approval by the FAA.”

13. Paragraph 4.1.6 — Delete and substitute:

4.1 .6 Short—Duration Interference. — Short—duration interference ,

such as produced by switching transients, is not exempt from the

requirements of this standard unless specifically indicated in the

individual equipment specification.

14. Paragraph 4.2 — Delete and substitute:

4.2 Interference Control Plan. — A detailed Control Plan as described

in the FAA—RD—76—75 shall be submitted to the FAA . This Control Plan

shall outline the interference control or reduction program, the engi-

neering design procedures and proposed techniques that will be used to

determine conformance with the requirements of this standard and that

will enable the equipment to perform its operational function within

Its specified design parameters without adversely affecting or being

affected by nearby equipments, subsystems, or systems.

15. Paragraph 4.2.1 — Delete without rep lacement .

16. Table I — Delete and substitute the attached Table I.

17. Table II — Delete and substitute the attached Table II.

18. Paragraph 4.2.1.1 through Paragraph 4.2.1.7 — Delete without replacement .

8—4
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19. P a r agr ap h  4 . 3  — Delete and substitute:

4.3 E~jjL~’IC Test Plan. — A Test Plan as described in the FM—RD—76—75

shall be submitted and approved before the start of formal testing.
The Test Plan shall detail the means of implementation and application

of the typical test procedures (depicted in MIL—STD—462, FAA Notice 1R)

that will be performed to verify compliance with the applicable require-

ments of this standard .

20. Paragraph 4.4 — Delete and substitute:

4.4 Test Report. — A report presenting the results of the tests

described in the Test Plan shall be submitted to the FAA. The contents

and the format of this report shall be as described in the FAA—RD—76—75

21. Paragraph 4.4.1 through Paragraph 4.4.3 — Delete without replacement.

22. Paragraph 5 — Delete and substitute:

5. MEASURI~~ EQUIPMENT. — A list of suggested measuring equipments
and their characteristics, characteristics of the required antennas

and their pertinent drawings, and procedures for verification of these

characteristics for FAA approval are presented in the measuring equip-

ment paragraphs of 141L—STD—462, FAA Notice 1R.

23. Paragraph 5.1 through Paragraph 5.8.2 — Delete without replacement.

Refer to the measuring equipment paragraphs of MIL—STD—462, FAA
Notice lR.

24. Paragraph 6.1 through Paragraph 6.10.2 — Delete without replacement.

Refer to the conducted test limits in MIL—STD—46lA , FAA Notice lC.

25. Paragraph 6.11 — Delete without replacement.

26. Paragraph 6.12.1 — Delete “in excess of the values shown in Figure 21”

and subetitute “in excess of 60 d8~iV/m”.

27. Paragraph 6.12.2 and 6.12.3 — Delete and substitute :

6.12.2 Broadband E—field emissions in the required frequency range

shall not be generated and radiated in excess of the values shown in

Figure 22.
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6.12 .3 In the frequency range of 30 to 200 MHz, the limit shall be
met for both horizontally and vertically polarized waves.

28. Paragraph 6.14 - Delete without replacement.

29. Paragraph 6.15 — In the first sentence delete “1000 MHz” and pubsti—
tute “400 MHz ”.

In the second line, delete “classes lilA and 1118 items” and substi-

t u t e  “Class IV items”.

Delete the last sentence without replacement.

30. Paragraph 6.16 through Paragraph 6.18 - Delete without replacement.

31. Paragraph 6.19 — Delete “(T)” without replacement.

32. Page 15 — Delete Paragraphs 7. and 7.1, Custodians, Review Activities ,

User Activities , and Preparing Activity without replacement.

33. Figure LA through Figure 15 — Delete without replacement. Refer to

related Figures in MIL—STD—461A , FAA Notice 1C.

34. Figure 16 - Delete and substitute the attached Figure 16.

35. Figure 17 through Figure 20 — Delete without repl.acement. Refer to

related figures in MIL—STD—461A , FAA Notice 1C.

36. Figure 21 - Delet.e without replacement .

37. Figure 22 — Delete and substitute the attached Figure 22.

38. Figure 23 through Figure 24 — Delete without replacement.

39. Appendix A — Delete without replacement.
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TABLE I

EQU I PMENT CLASSIF iCATION

Class
Designation Equipment Description

Communication-Electronic (C—E) Equipments

All electronic equipmen ts which in their operation
transmit , receive , genera te , store , or process
information . Included in this classification are
transmitters with antennas , receivers with antenna s ,
transceivers with antennas , regulated output ampli-
fiers , backup emergency communication equipment ,
inner and outer markers , plan view displays, etc.

II Electronic Equipments

All electronic equipments which are not Class I.
Included in this classification are oscilloscopes ,
signal sources , test sets , counters , spectrum
analyzers , t ime code generators , radio frequency
moni tors , etc.

III Electro—Mechanical Equipments

All equipmen ts wh ich in their opera t ion have both
a mechanical and electrical/electronic function .
Incl uded in this classification are teletype ma-
chines , portable electrical tools , repair shop
equi pment , kitchen and/or lounge equipment , o f f i c e
devices , etc.

IV Motor Vehicles and Engine—Driven Equipments

IVA All motor—driven vehicle s which In their operation
may interrupt norma l operations via Ignition system
radiation. Included are tug vehicles at airports ,
maintenance and installation vehicles used at remote
C—E sites , etc.

IVB All engine—driven equipments which in their oper-
ation may emit interference signals from an ignition
system or commutator . Inc luded are gasoline engines ,
motor—gene rators , etc .
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MIL—STD—46 2
FAA Notice lR
15 March 1976

FAA STANDARD

RADIATED ELECTR(I1AGNETIC INTERFERENCE

CHARACTERISTIC S, MEASUR~ 4ENT OF

This notice is app licable to all FAA procurements. It should be

t i l ed  in f ront of MIL—ST D—462 , dated 31 July 1967 , and supersedes that
doc jment in those areas detailed herein .

~~ ALL HOLDERS OF MIL-STD-462:

Make the following changes.

1. Page i — Delete “Military ” and substitute “FAA”.

Delete DoD seal and substitute FAA seal.

2. Page Ii — Delete “31 July 1965” in upper left corner of page and
substitute “31 July 1967”.

Delete “Department of Defense” and substitute “Federal Aviation
Admin istration”.

Delete zip code “20301” and substitute zip code “20590”.

Delete “MIL—STD—426” and subgtitute “MIL—STD-462”.

Delete paragraphs 1 and 2 and substitute:

1. This standard Is mandatory for use by all Departments and
Agencies of the FAA.

2. Recommended corrections , additions, or deletions should be
addressed to the Systems Research and Development Service,

Code 350, Federal Aviation Administration , Washington , DC

20590.

3. Psigc ill - 1)elete the entire Table of Contents , List of Figures ,

and 1.1st of Tables and substitute the attached Table of Contsnts,

1.1st of FIgures , and List of Tables.

4. Paragraph 1 .1 — Delete “M1L—SrD—461” and substitute “MIL—STD—461A,

FAA Notice 1X ” .
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5. Paragraph 1.2.1 — Delete “C — Conducted” without replacement.

Delete subparagraphs (a) and (c) without replacement .

• 6 .  P a r agr ap h  1 . 2 . 2  - Delete without replacement.

7 .  P a r agr aph  1. 2 .3  — Delete second and third sentences without replace-

ment .

8. Paragraph 2.1 — Add the following documents:

PROGRAM PLANS

FAA—R D—76—7 5 Electromagnetic Compatibility Program Plan

SPECIFICATIONS

EL—CD—6003—0009A Electromagnetic Interference Measurement
Instrumentation , Characteristics for

STANDARDS

MIL—C—45662 Calibration of Standards

MIL—STD—46lA , FAA Electromagnetic Interference Characteristics,
Notice 1R Requirement for Equipments

MIL—STD—220A Method of Insertion—Loss Measurement

MIL—STD—285 Attenuation Measurements for Enclosures.
Electromagnetic Shielding, for Electronic
Test Purposes, Method of

D RAW l NGS

ES—F—2O 1286 Antenna, Biconical 30 MHz to 300 MHz,
less Balun

ES—DL— l76439 Bifalar Balun, 30 MHz to 300 MHz

62J4040 Antenna , Conical Log Spiral , 200 to 1000 MHz

ES—DL—201090 and Antennas , Microwave 12—40 GHz Detail Assembly
Drawings thereto

9. Paragraph 3.1 — Delete “MIL—STD—463” and substitute “MIL—STD—461A ,

FAA Notice lR and MIL—STD—463”.

10. Paragraph 4.1 — Delete and substitute:

4.1 General Requirements. — General requirements pertaining to the

application of this standard and the applicable test limits are speci-

fied in MIL—STD—46lA , FAA Notice lR. The test procedure. contained in
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this standard shall be used in complying with MIL—STD—46lA , FAA
Notice 1R, measurement requiremencs and in preparing the ~4I Test
Plan.

11. Paragraph 4.2.1.1 - Delete and substitute:

4.2.1.1 AmbIent Electromagnetic Level. — During testing the ambient

electromagnetic field level measured with the test item dc—energized

shall be at least 6 dB below the allowable specified limit. Pre-

cautions for avoiding ambient signals generated by the test equipment

shall be observed .

12. Paragraph 4.2.1.2 — Delete and substitute :

4.2.1.2 Ground Plane. — A circular copper or brass ground plane

(solid plate) that has a minimum thickness of 0.158 centimeters for

copper or 0.317 centimeters for brass and a minimum diameter of 122

centimeters shall be used . The ground plane shall be bonded to the

shielded enclosure such that the dc resistance is no greater than

2.5 milliohma.

13. Paragraph 4.2.1.6 — Delete and substitute :

4.2.1.6 RF Absorber Material. — RF absorber material shall be used

in shielded enclosures during EMI tests in accordance with the require-

ments of the specific test methods in Paragraph 5 of this standard.

14. Add the following new paragraphs :

4.2.1.7 Test Site.

4.2.1.7.1 Shielded Enclosures. — Shielded enclosures shall be of

sufficient size to adequatel y accept the test item without sacri—

fic tn g t est  accuracy or requiring deviation from the methode spec-

ified herein. in the case of measurements using hooded antennas ,

this requires an enclosure with minimum dimensions of 8 x 12 x 8 feet.

Shielding and filtering characteristics shall meet the following min i-

mum requirements:

(a) Shielding effectiveness to electric fields and plane waves ,

as measured in accordance with MIL—STD—285, shall be at least 80 dB

over the frequency range of test.

C—4 
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(b) Power l ine filtering must be included and shall have an

• attenuation to frequencies above 10 kHz of at least 80 dB as mea-

sured in accordance with MIL—STD—220A .

4 .2 .1 .7 .2  Open Areas. — Open field sites may be used when sufficiently

large shielded encloaures are not available or when the nature of the

equipment tested prec ludes their usage. The ambient requirements of
Paragraph 4.2.1.1 must be observed .

15. Paragraph 4.2.2.4.2 — Delete last sentence.

16. Paragraph 4.2.3 through Paragraph 4.2.3.6 — Delete and substitute

the following paragraphs. (Refer to Paragraph 4.2.3.3 through

Paragraph 4.2.3.8.)

4.2.3 Measuring Equipment.— This section describes the test equip-

ment used in the test methods contained in this standard .

4.2.3.1 Test Antennas.— Table I lists antennas which shall be used

for performing radiated emission (RE) and radiated susceptibility (RS)

measurements. Where antenna frequency ranges overlap , either may be

used , receiver sensitivity permitting. Specification EL—CD—6003—0009A

states requirements and testing techn1.ques for antennas used in testing

to this standard ; antenna factors shall be determined in accordance
with the testing techniques of that specification. The antenna factors

referenced in Table I and given in Figures 1, 2, and 3 are the maximum

factors for the antennas. The antenna factors shall be determined by

the antenna manufacturer for each antenna and furnished with the antenna .

4.2.3.1.1 Monopole Test Antenna Counterpoise .— The monopole test

antenna counterpoise shall be referenced to the shielded enclosure.

This i nvolves bonding the counterpoise to the enclosure via a strap

the same width as the counterpoise . Necessary precautions shal l be

taken to assure low iapedance bonding connections.

4.2.3.2 Other Equipment Characterisç4ç—~~~ Requirements for measuring

equipment characteristics are contained in Specification EL—CD—6003—

0009A along with the technique for measurement of these characteristics.
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End
Pla te 

Metal Cylindrical Hood

N

Absorbing
Material*

C a i lt y- l 3 a c k e d

I’linar 1.og Support
Spiral Antenna Mater ! a I

Hood Inside
Fr -~Quenev •fta~~ e __ iL~~~*~~ .~~. Hood Len~~ h Diameter 

-

( . () to 10 .0 GHz AEL Model ASN lilA 1.0 inch 2.0 inches
2.0 t o  h .O ‘;Hz AEL Model ASN 118A 2.0 inches 4.0 inches

1. 1) 2.0 CIlz AF.L Model ASN 116A 4.0 inches 12.0 IncheM

0.4 tu  1.0 ClIz AEL Model ASN 117A 12.0 Inches 24.0 Inrhi.s

*Ab sorI)ing M;Iterial shall be Emerson and Cuming Type NZ—1 or equivalent .

**Alltenn.1 modol numbers correspond to antennas available from American
Ele ctronl -s Laboratory, 1.ansdale , PA 19446. These antennas or equiva-
len t planar lop spirals shall be used .

Fi~ ,ir~’ 4. Hooded Antenna Design Features and Characteristics.
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Table II presents a suggested list of equipments for each test. In

some cases the list presents more than one model capable of performing

a given function . Any equipment equivalent to those listed may be
used wi th approva l of the FAA .

4 .2 .  3 .2 . 1  Sig~tal_ Sources. — Signal sources shall meet the following
requirements:

(a) Frequency Accuracy — Frequency accuracy shall be within

+ 2 percent.

(b)  Harmonic Con ten t — Harmonics and spurious outputs shall

not be more than —30 dB as related to the fundamental power.

4 . 2 . 3 .2 . 2  Susceptibility Signals.— In general susceptibility signals

shall have character is t ics , e.g . ,  amplitude and type , degree , and

t requency of mod u la t ion , which will have the maximum ef fect  on the

test item . In the case of test items with audio channels and receivers ,

:hese signals shall be as follows :

(a) All Receivers: Modulate 50% with 1000 Hz tone .

(b) FM Receivers: When monitoring signal—to—noise ratio ,

modulate with 1000 Hz signal using 10 kHz deviation . When monitor-

ing receiver quieting, use no modulation .

(c) SSB Receivers: Use ~io modulation .
(d )  Other Equipmen ts: Same as for  AM receivers.

For test items with video channels other than receivers, modulate the

susceptlhiHty signal 90 to 100 percent with a pulse of duration 2/BW

and a repetition rate equal to BW/l000, where BW is the video band —

width. Susceptibility signals for digital test items shall use pulse

modulation with a duration and repetition rate equal to that used in

the digital equi pment. Non—tuned test items shall usc susc~ p ti b il tty

signals that are modulated 50 percent with at 1000 Hz tone. The

ration ale for selecting these signals shall be presented in the Test

Plan.

4.2.3.3 Use I M e sur ing_Eq~,iipment. - All equipment shall be operated

as prescribed by the applicabie Instruction manuals unless otherwise
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specified herein . This standard takes precedence in the event of

conflict with instruction manuals or other such documents.

4.2.3.4 Equipment Warm—Up Time. — Prior to commencing data col-

lection , the measuring equipment shall have been energized for a

period of time adequate to allow parameter stabilization . If the

operational manual does not specify a specific warm—up time , a
per iod of one hour shall be observed.

4.2.3.5 Detector Function. — A peak detector shall be used for all

measurements required by MIL—STD—66lA , FAA Notice 1R; however , for
narrowband measurements, the average rms function may be used if

authorized by the FAA . Substitution generator output levels shall
be corrected when the detector output and the signal generator output

calibration are different functions of a sine wave , i.e., peak , aver-

age, or rons .

4.2.3.6 Grounding of Measurement Equipment. — The E~1t measurement

Instrumentation shall be bonded to the shielded enclosure to provide

a ground reference plane.

4.2.3.7 Monitoring of Measuring Equipment. — The IF output of the

EMI meter shall be monitored with a device that gives an amplitude

versus frequency presentation on a cathode ray tube . This monitor

is used to obtain information on the characteristics of the signals

being measured . The measuring equipment Bhall also be monitored

with headphones or a speaker.

4 .2 .3 .8  Identification of Epurious Responses in Measuring Equipment. —

The measurement equipment shall be checked for spurious responses.

False data caused by such spurious responses shall be so identified

on the X— Y recordings or data sheets.

4.2.3.9 Calibration of Measuring Equipment. — Measuring instruments

and accessories ~ised In determining compliance with this standard

~4h ah1 be calibrated unde r an approved program in accordance with

MIt . — C—4 56 6 2. The calibration program document required by MIL—C—

456 62 shall be suhnitted for FM approval as part of the Test Plan .
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See Specifica t ion EL—CD—6003—0009A for calibration methods for impulse

generators. Calibration of measurement equipment and accessories,

impulse ge .erators , and other equipments shall be verified at any

time upon request of witnessing officials or authorized representa-

tives of the FAA.

4.2.3.10 Accuracy of Measurements. — All measurements made in accor-

dance with this standard shall have the following accuracies. Proof

of such accuracy shall be documented in the Test Report.

( a )  Frequency Accuracy  - Where specified limits are exceeded

in the spurious response and harmonic and spurious emission tests
(antenna terminal), the frequency of measurement shall be accurate

to within + 1%. Since signal generators and ~4I meters usually do

not offer th is accuracy, it will be necessary to employ a frequency

counter or other similar standard . All other tests shall be subject

to  a frequency accuracy of + 2%.

(b) Amplitude accuracy shall be ± 2% dB.

17. Paragraph 4 .2 .4  through Paragraph 4 . 2 . 4 . 4  — Delete and substitute:

4 .2 .4  Positioning of Measurement Antennas. —

4.2.4.1 Each face of the test item shall be probed with a loop or

other suitable sensor to determine the localized area producing

maximum emission or susceptibility. Probing shall be performed at

f req uencies known or calculated to represent worst case interference.

If no such in formation is available , probing shall be performed at

no less th.-in one frequency for every two octaves over the frequency

range of test. The face exhibiting worst case characteristics in

;iny oelav (- or band , provided that a band Is not less than two octaves ,

~ha I1  I)1CL~ the test antenna for tha t portion of the frequency scan .

Automatic sca n techniques m a y  be used to scan all sides of the test

Item.

4.2.4.2 When performing radiated emission and susceptibility tests ,

no point of the antennas shall be less than one meter to the walls

and 0.5 meters to the ceiling of the shielded enclosure or obstruction .

C-i 6
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4.2.4.3 For radiated emission measurements between 30 and 400 MHz,

linearly polarized antennas shall be alternately posi tioned to measure

the vertical and horizontal components of the emission . For radiated

suscept ibility measurements between 30 and 400 MHz, linearly polarized

antennas shall be positioned so as to alternately generate vertical

and horizontal fields.

18. Figure 1 — Delete without replacement.

19. Figure 2 — Delete without replacement.

20. Paragraphs 4.2.6 and 4.2.6.1 — Delete and substitute :

4.2.6 Identificat ion of Broadband and Narrovband Emissions. —

Identification of broadband and narrowband emissions may be accom-

plished by use of the monitoring equipment specified in 4.2.3.6 or

~y observing affects due to switching of bandwidths or detection

functions. When switching bandwidths or detector functions, the

following tests shall apply:

(a) Test 1: The EMI meter shall be tuned over a range of

plus and minus 2 impulse bandwidths around its center frequency.

A change in peak response of 3 dB or less indicates a broadband

emission . Any change of greater than 3 dB indicates a narrowband
emission .

(b) Test 2: Measure the pulse repetition rate of the emission .

If the pulse repetition rate is less than or equal to the impulse

bandwidth (IBW) of the measuring equipment , it is a broadband emis-

sion . If it is greater than IBW, it is a narrowband emission .

Also , an optional differentiation can be made by measuring the pu lse

repetition rate of the emission . If the pulse repetition rate is

less t han the rate specified In the following table , it should be

considered a broadband emission and should be measured with an

instrument having a bandwidth equal to or greater than the value

of the specified rate. If the repetition rate is greater than

specified below , the emission should be considered narrowband and

8hould be measured with an instrument having a bandwidth less than

or equal to the value of the specified repetition rate.

C — i  7
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FreQuency RanZe Repetition Rate

20 kHz — 150 kHz 200 Hz
150 kHz - 30 MHz 5 kHz
30 MHz — 400 MHz 100 kHz
400 MHz - 1000 MHz 300 kliz

4.2.6.1 Pulsed CW Requirements. — The pulse repetition criteria

expressed in the foregoing shall app l y for pulsed CW up to 100 MHz.

Above 100 MHz , pulsed CW emissions shall be compared to narrowband

limits; however , bandwid th corrections should be employed to normal-

ize the measurements to 1 MHz bandwidth .

21. Paragraphs 4.2.8 through 4.2.8.2.2 — Delete without replacement.

22. Paragraph 5.1 — In the first line add the word “radiated ” before the

words “measurement procedures”.

23. Paragrap h 5 . 2  — Delete and substitute :

5.2 Table III is an index of the radiated measurement procedures

by method number , date , and title.

24. Table I — Delete and substitute the attached TabL~ III.

25. Page 11/12 — Delete without replacement.

26. Method CEO1 through CEO6 — Delete without replacement . (Refer to

MIL—STD—462 , FAA Notice 1C.)

27. Method CSO1 through CSO8 — Delete without replacement . (Refer to

MIL—STD—462 , FAA Notice 1C.)

28. Method REOI — Delete without replacement.

29. Method REO2 — I)eiete and substitute the attached Method REO2 .

iO. Method RE03 — Delete and substitute the attached Method REO3.

31. Method RE04 — Delete without replacement.

32. Method REO5 — Make the following changes:

(a) In the title , delete “1 GHz” and substitute “400 MHz”.

c— i 8
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(b) Paragraph 2 — Delete and substitute :

2. Applicability . — This test method is applicable to the
measurement of radiated broadband emissions from all

Class IV equipment.

(c) Paragraph 3 — Delete “MIL—STD—46l” and substitute “Tables

I and II” .

(d) Paragraph 4.1 — Delete “see MIL—STD—461 for general test

conditions” and substitute “see Section 4 of this standard
for general test conditions”.

(e) Paragraph 4.2 — In the fifth line , delete “one meter” and

substitute “two meters”.

In the first and second lines of subparagraph (a), delete

the words “tanka and other” without replacement.

In the third line of subparagraph (a), delete “one mete . ”

and substitute “two meters”.

In subparagraph (a)(3), delete and substitute :

(3) The conical or planar log spiral antenna shall be
placed pointing down with its axis vertical over

the opening .

(f) Paragraph 6.1 — In the third line , delete “no ” and sub~ t i—

tute “do ”.
(g) Paragraph 6.2 — In the second line, delete “unusal” and

substitute “unusual”.

In the fourth line , dele te “acutal” and substitute “actual” .

33. Method REO6 — Delete without replacement.

34. Method RS01 and RSO2 — Delete without replacement.

35. Method 8803 — Delete and substitute the attached Method RS03.

‘36 . Method (T) RS04 — Delete and substitute the attached Method RSO4.
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TABLE III

IND EX OF RADIATED MEASUREM ENT PROCEDURES

Method Date Title

RI.02 March 1976 Radiated Emissions , 14 kHz to 10 CHz ,
Electric Field

REt) March 1976 Spurious and Harmonic Emissions,
14 kHz to 40 GHz

REO5 March 1976 Radiated Emissions, Broadband ,
150 kHz to 400 MHz

RSO3 March 1976 Radiated Susceptibility, 30 MHz to
10 CHz, Electric Field

RSO4 March 1976 Radiated Susceptibility, 14 kHz to
30 MHz, Electric Field
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METHOD REO2

RADIATED EMISSION, 14 kHz TO 10 GHz , ELECTRIC FIELD

1. Purpose. — This method is used for measuring radiated electromagnetic

eulasions from electronic , electrical , and electromechanical equipment.

2. Appj4~~~j~li~ y . — Any equipment or device to which this method is

applicable shall be measured for radiated emission from all units , cables

(includ ing control , pu lse, IF, video , antenna transmission lines , and

power cables), and interconnecting wiring. This method applies to the

transmit ter fundamental , spur ious rad iation , oscillator rad iation , and
broadband emissions , but is not intended to be used for radiation emanating

from antennas.

2.1 Applicable Frequency Range for Test. —

a. Narrowband Emissions — 14 kHz to 10 GHz.

b. Broadband Emissions - 14 kHz to 400 MHz .

3. Apparatus. — The test apparatus shall consist of the following :

a. Test Antennas (Refer to Table I).

b. E241 Meter (Refer to Table II).

c. Line Impedance Stabilization Network (Refer to Table II).

4. 11i~~c~.configuration and Procedures. 
—

4.1 T s t  Configurations. — The test configuration for eac h applicable

t requency range shall be as follows . The test item antenna , if any, shall

be connected to a shielded dummy load .

a. 14 kHz to 30 MHz — The basic test configuration shown in

Figure REO2—1.

b. 30 to 200 MHz — The basic test configuration shown in

Figure REO2—2 .

c. 200 MHz to 10 CHz — The basic test configuration shown

In Figure REO2-3.

6.2 TCMt Prm edureB. — The test procedures shall be as follows :

C—2 5
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a. Probe the test item as indicated in Paragraph 4 of this

standard to locate the points of maximum radiation from

the test item.

b. Select and position the test antennas as indicated in

Section 4 of this standard. In the frequency of 30 to

• 400 MHz, poeition the linearly polarized antenna so as to

make both vertical and horizontal measurements.

c. For each test antenna, scan the applicable fr.qu.ncy range

of the test with he EMI meter and record the emission

level and operational mode of the test item.
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METHOD REO3

SPURiOUS AND HA~NONIC EMISSIONS, 14 kHz TO 40 GHz

1. Purpose. - This method is used for measuring transmitter spurious and

harmonic emissions in the radiated field .

2. Ap2licabil~.çy.~ 
- This method is applicable to Class I transmitters

~then any one of the following conditions exist:

a. The direct coupled techniques of Method CEO6 of MIL—STD—
462 , FAA Notice IC cannot be applied, and/or

b. The transmitter power output is greater than 5 kilowatt

average , and/or
c. The fundamental frequency is above 1.0 GHz, and/or
d. The test item’s antenna is an integral part of the trans-

mitter and cannot be replaced by a suitable dui y load.

3. Frequency Range of Test. — Frequency ranges of the test shall be as

fol lows :

Equipment Operating Frequency Frequency Range of Test

14 to 30 kKz 0.01 to 10 MHz

30 to 300 kHz 0.01 to tOO MHz

0.3 to 3 MHz 0.01 to 600 MHz

3 to 30 MHz 0.01 to 1,000 MHz

30 to 300 MHz 0.01 to 3,000 MHz
300 to 1,240 MHz 0.01 to 12,400 MHz

1,240 MHz and above The lowest frequency of test
shall be:
a. Coaxial transmission lines:

200 MHz

b. Waveguide transmission lines:
0.8 f

The upper frequen:y limi t shall
be as fol lows:
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Equipment Upper
Operating Frequency
Frequency Limit

1.24 to 5.0 GHz 10 GHz or f
whichever
greater

5.0 to 32.4 GHz 5 f or 40 GHz
whi~bever is
greater

4. Apparatus. -

4.1 Instrumentation required for testing in the frequency range of 14 kHz

to 1,000 MHz is as follows: (Refer to Table II)

a. EMI Meter.

b. Attenuators or amplifiers as may be required to insure

suitable signal levels at EMI meter input terminals.

c. Antennas (Refer to Table I).

4.2 Instrumentat ion required for testing in the frequency range above

1000 MHz is as follows: (Refer to Table U)

a. Spectrum analyzer.

b. Traveling wave tube amplifier.

c. Preselectors — yig filters .

d. Frequency counter.

e. Signal generators.

f. Antennas (Refer to Table I).

i. Symbols. — Symbols are defined as follows :

a 1~. ~ Power delivered to spectrum analyzer
’s input terminals.

b. • Power delivered to the transmitter’s antenna at the

transmitter’s fundamental frequency.

c. Gain of the transmitting antenna over an isotropic

radiator. This value is expressed in 48.

d. A — Wavelength of the transmitted signal in ters.

e. D - Maximum di ttsion of th. receiving antenna in ters.
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f .  d — Maximum dimension of the transmitting antenna in meters.

g
~ 

Cr 
- The gain of the receiving antenna over an isotropic

rad iator + gain of the TWT - cable losses — attenuation or
insertion loss of yig filters, and other adjustments as

required by the test configuration.

h. R • Separation between antennas in meters.

i. P
5~ 

• Power of spurious emission signal delivered to trans-

mitting antenna.

j. T Pulse width in seconds.

k. F5 — Desired frequency.

1. N — Harmonic number shown on spectrum analyzer.

a. F
1 

- Local oscillator frequency of spectrum analyzer.
T~ — Intermediate frequency of the spectrum analyzer.

o. Ei — Pleasured field strength in volts/meter.

6. Test Configuration and Procedures (General). — Two separate test pro-

cedures are given in the following paragraphs. The procedure of Paragraph

6.1 applies to the testing of equipment with operating frequencies above

1.0 GHz or at frequencies where adequate antenna gain information is avail-

able or can be determined. The procedures of Paragraph 6.2 apply to the

testing of equipments at lower operating frequencies and in situations

where the procedures of Paragraph 6.1 are not feasible.

6.1 Test Configuration and Procedure. — (1.0 GHz and above)

6.1.1 The test configuration shall be indicated in Figure 1E03—1, REO3—2,

or KI~O3—3, whichever is applicable, using the following procedure to estab—

li’.h the distances and actual equipments to he used.

a. Eq
~~Lment

_selection. Select the receiving antenna, TWT’a
or attenuators which will yield suffic ient measurement

Hystea sensitivity to allow detection of the transmitter

.purtous emissions. The following equations should be

solved and equipment so selected to assure a 
~r 

approxi-

mately 0 d~~ ~~~~~ is the value derived from the trans-

aitter’. design data.
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COUPLING
I NETWORK

TEST 
I .F. REQUIRED I

ANTENNA I I
AS REQUIRED $

I ATTENUATOR

POWER I ISOLATION 1 I
MONITOR J I NETWORK__J 0

2 SIGNAL I
GENERATOR i

_ _ _ _  

I ‘1 
1

F TRANS~UTTER 
ANTENNA 

FUN L 

FREQUENCY 1
NETWORK R 

TER IF

(AS REQUIRED) L EQUIRED

I I
I $
I I
I I
I I
I I
I L~ 

I

I FREQUENCY SELECTIVE

I VOLThETER OR POWER I
MEASURING DEVICE

~~ HIELD ED ENCLOSUR~~ IF REQUIRED 
- 

j
F igure REO3—3. Typical Configuration — Spurious and Harmonic Emission

(Frequency Range as Applicable).
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(1) ‘~r ~
‘t + + Gr 40 log D 4. d - 20 log 4w

Use this equation when d > 0.4 D.

(2) 
~r 

— 

~
‘t + G~ + Cr 40 log — 20 log 8w

Use this equation when d < 0.4 D.

b. Test Distance. In order to assure far—field measurement conditions ,
the test antenna should be placed at a distance from the transmit-

ting antenna as determined from the following equations:

(1) Whend<O.4 D

R 2D2
A

(2) W h e n d > O . 4 D

R — 
(D + d) 2

A

Further antenna positioning procedures are in the following steps.

c. To complete the test configuration analysis, verify by calculation

that the received power at the highest frequency of the test,

assuming a spurious signal (P5~) level which is 80 dB below the

fundamental transmitted power, is at least 10 dB above the min i-

mum sensitivity of the spectrum analyzer used . The mathematical

expression is as follows:

P C C A2
Pr — 

5~ t r
(4wR) 2

If the received power is below the sensitivity of the spectrum

analyzer , increase the gain of the receiving loop by either
removing attenuation or by adding amplification.

6..~.2 Test Procedure. — Measure and record the value of the power delivered

to the transmitting antenna using the following procedure:

a. Adjust the spectrum analyzer to receive the transmitted fundamental

signal. Adjust the spectrum analyzer display and resolution band—
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width so that the incoming signal is properly displayed. For
pulsed transmitters , the display bandwidths should be at least
lOfT , end the resolution bandwidth should be 1/lOT.

b. For orientation of the transmitting and test antennas the fol-
lowing sequence shall be used :

(1) Where azimuth and elevation of the system antenna can be
varied , this shall be done to produce the maximum signal

at the test antenna. The azimuth angle and elevation angle
between the antenna boresight axle of the system and test
antenna shall be recorded after the signal is maximized .

(2) The teat antenna shall be adjusted in elevation at each
measurement frequency to obtain a maximum of received
energy. The adjustment should be made over a distance
calculated to include two nulls in the elevation inter-

ference pattern resulting from ground reflections, where
they exist .

(3) All position information shall be recorded together with

the test results.

c. Further adjust the spectrum analyzer controls to obtain maximum
reso lution of the transmitted signal on the CRT display . Once

this is accomplished, do not readjust the controls until the

measurement is completed .
d. Disconnect the spectrum analyzer from the measurement antenna

and connect it to a substitution generator.

e. Adjust the output of the substitution generator to produce the

Rome spectral envelope on the spectrum analyzer as was indicated

with the transmitted signal. The signal generator shall be modu—

lated in a manner similar to the modulation used In the trans-

mit ter.

1. Measure and record the power at delivered to the spectrum

analyzer input from the calibrated signal generator .

g. Verify the measurement technique and calibration at f0 by substi-

tuting into the following equation:

C—37



(4~tR)
2
R
r

~ G G A ~t r

The above val ue of P~ should be within ± 2 dB of the value
measured by the power monitor connected to the transmitter

output. If a greater error exists, check the test configu-

ration for errors in distance measurement , substitution,
drift , correction factors, ground reflections, improper align-

ment and so forth.

h. Repeat steps a. and f. for the remaining frequency range of

test.

6.2 Test Configuration and Procedures - (below 1 GH~~

6.2.1 These test configurations and procedures are for equipments with

operating frequencies below 1.0 GHz where the procedure of Paragraph 6.1

cannot be employed . The data obtained using this procedure will be in

ter ns of field intensity at a given distance from the transmitting antenna.

The field intensity measured at harmonic and spurious frequencies is compared

to the value at the fundamental frequency. The limit is in dB relative to

the level measured at the fundamental frequency and Ic derived from the

Test Method REO3 limit of Figure 7, MIL—STD—461A, FAA Notice lR , by com-
paring the absolute power limit placed on harmonics and spurious emissions

to the known power rating of the transmitting source. The test configu-

ration shall be as indicated in Figure REO3—3. The separation between the

transmitting antenna and test antenna shall be at a distance of 02/A or 3),

whichever is larger, unless otherwise specified. (D is the maximum dimension

of the largest antenna.) Where the received signal at the fundamental fre-

quency is less than the applicable limit above the sensitivity of the ~1I

meter , place a preamplifier capable of increasing the measurement sensi-

t ivity between the test antenna and the receiver. In Figure REO3—3 this

shou ld be placed between the switch and the ~ 1I meter.

6.2.2 Test Procedure.

a. Tune the transmitter to a standard test frequency with the funda-

mental rejection network bypass and the switch set to position

one (1). Tune the frequency selective voltmeter to the same fre-
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quency. Position the antennas to produce maximum received signal

at each frequency (fundamental , spurious, harmonic) ,  using the
technique outlined in Paragraph 6.1 above. Set the switch to

position 2 and determine the received signal level. This level

must be at least as great as the applicable limit above the meter

sensitivity. Record all settings.

b. Insert the fundamental frequency rejection network , and tune it

to reject the transmitter fundamental frequency. With minimum

system attenuation and maximum instrument sensitivity, tune the

frequency selective voltmeter continuously through the required

frequency range to detect all emissions. Each time a spurious

transmitter output is detected , adjust the meter to give a con-

venient reading. Determine the signal level and record all values.

When determining the level of the responses, the attenuation of

the signal sampling network at the spurious frequency shall be

known.

c. Repeat the foregoing steps at each transmitter test frequency .

d. Apply effective height and other correction factors (cables

losses, attenuation , etc.) as required to determine field in-

tensity levels at the antenna.

7. NOTES

a. When performing these tests, it may be necessary to enclose the

measurement equipment in a shielded enclosure. This necessity

arises from the fact that the spectrum analyzer may be susceptible

to radiated fields. It Is recommended that the spectrum analyzer

be disconnected from thc ~‘,~aurement antenna and the display checked

to verify that a “back door” response is not being measured.

b. When using the NT’s and yig filters, these parts should be located

as near the antenna as possible. This is done so that maximum

Nignal may be applied to the NT input .

c. Et Is necessary to monitor continually the transmitter ’s output

power during test. If the power at f0 changes by more than + 2 dB ,

the test shall be terminated until such time that the original
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output is obtained . Duty cycle considerstions shall be adhered
to and should be established as def ined in the equipmen t ’s test

4 plan.

d. To measure the frequency of the incoming signal, note the signal
identifier and harmonic number of the spectrum analyser , since
the frequency of the desired signal is derived front

F - N P  +Fs lo— if
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METHOD RSO3

RAD IATED SUSCEPTIBILITY , 30 MHz TO 10 GHz , ELECTRI C FIELD

1. Purpose. — The purpose of this test is to en,ure that a test item

does not exhibit any degradation of performance, malfunction , or undesir-
able effects when imeersed in an electric field in the frequency range of

30 MHz to 10 GHz.

2. Applicability. — This test method is applicable to all Class I equipments.

3. Apparatus. — The test apparatus shall consist of the following:

a. Signal Source (Refer to Table II).

b. ~iI Meter (Refer to Table II).

c. Output Monitor — to monitor performance of the test sample .

4. Test ConfiAurations and Procedures. —

4.1 Test Configurations. — The test configuration for each applicable fre-

quency range shall be as follows :

a. 30 to 200 MHz — The basic test configuration as shown in Figure
REO2-2.

b. 200 MHz to 10 GHz - The basic test configuration as shown in

Figure REO2—3.

4.2 Test Procedures. — The test procedures shall be as follows:

a. Test signals shall be selected in accordance with Paragraph 4

of this standard .

h. Fields shall be generated , an required , with the antennas spec —

If led in Table I. Care shall he taken so that the test eqsiiptm nt

is not affected by the test signals.

c. The specified field strength shall be established prior to the

actual testing by placing a field measuring antenna at the sanm

distance and in the same relative location as where the test

item will be placed and adjusting the signal level applied to

the transmitting antenna until the required field intensity is

indicated. The voltage or power at the input terminals of the
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transmitting antenna, required to establish the specified field

shall be monitored and recorded . When performing thi. calibration

in a shielded enclosure, the measurem ent snt nna shall be placed

in the exact location that the test item will occupy. (This

calibration may be used for all subsequent test ing prov ided that

the data was taken in a reflect ive—free area or the exact same

shielded enclosure test item locat ion is us.d.)

d. Determine those frequencies at which the test item is suscep-

tible. At these frequencies, determine the threshold of sus-

ceptibility. Record all pertinent data .

:
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METHOD RSO4

4 RADIATED SUSCEPTIBILITY 14 kHz TO 30 MHz , ELECTRIC FIELD

1. Purpose. — The purpose of this test is to ensure that the test item

does not exhibit any degradation of performance, malfunction , or undesir-

able effects when imeersed in an electric field in the frequency range of

14 kHz to 30 MHz.

2. Applicability . — This test method is applicable to all Class I equipments.

3. Apparatus. —

3.1 Longwire Method. — The test apparatus shall consist of the following:

a. 2 vacuum tube voltmeters (VTVM) .

b. RF signal generator capable of 1 volt output into a 100 ohm load.

c. A dc resistance bridge.

d. Assortment of resistors from 100 to 1000 ohms (“non—inductive”)

of adequate power dissipating capability.

e. Wire — #12 copper.

3.2 Parallel Plate Line Method. — The test apparatus shall consist of

the following:

a. Parallel plate line (see Figures RSO4—J. and RSO4—2).

b. Signal source capable of delivering the required signals.

c. ~21I meter or V TVM.
d. Matching networks.

e. 30 MHz low pass filter (optional).

4. Test Procedure. — Two separate test procedures are given in the 1o1

lowing paragraphs. The Longwire procedure of Paragraph 4.1 applies to the

testing of equipments which are not size compatible with the dimensions of

the parallel plate line in the procedure of Paragraph 4.2. If the test item

is size compatible , either procedure will provide satisfactory results and

may be used for this test method. The Longwire procedure is preferred only

because it requires less extensive construction and will accept larger test

items.
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4.1 Longwire Procedure. —

4.1.1 Test Configuration. — The test configuration is as indicated in
Figure RS04—3. The horizontal line is located between the two side walls
of the shielded enclosure, directly over the ground plane center and at a
distance from the ceiling equal to between 1/4 and 1/3 the height of the

enclosure. The line is drawn taut on insulators. A “non—inductive”

resistance equal to the characteristic impedance of the line is located

at the far end f row the signal generator. A concentric feeder line (cop-

per tubing with #16 wire supported in center) extends from the input end

~f the line down to the terminals of a signal generator. The signal gen-

erator output is connected to the concentric line output. The signal

generator ground and the concentric line tubing (lower end) are connected

to the shield.

4.1.2 Line Terminations. —

4.1.2.1 Concentric Line. — Disconnect the long line from the top of the
concentric feeder line. Connect the vacuum tube voltmeters as shown in

Figure RSO4—4 but omit the temporary termination Ri until a desirable test

frequency has been found. Adjust the generator frequency so that it rca—

onates the line as a 1/4 wave system . This point will be indicated by a

dip in the output calibrating meter on the signal generator or by a maxi-

mum voltage at the top of the tube with a constant generator input. This

voltage may be read with the VTVM connected as shown in Figure RS04 —4 .

The frequency at which the concentric tube is electrically 1/4 wavelength

is the one at which the maximu m voltage appears at the top of the tube

and , therefore, will give the most sensitive indication of correct termi-

nation. A frequency near this resonant frequency may be used if the line

absorbs too much energy from the generator. Connect K1 
temporarily at the

top end of the concentric line between center wire and pipe. The final

value of this resistor is to be determined by “cut and try methods”; its

approximate value may be obtained from the formula for finding character—
istic 1.pedance of a concentric line:
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Figure RSO4—4. Configuration for Determining Concentric
Line Terminations.
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Figure RSO4-S. Voltage Msasurements for Determining Con-
centric Line Terminations.
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d
Z0 — 138 log

~~ ~~1

where

inside diameter of tube and

d1 outside diameter of center conductor .

For a specific case of a 1 inch tube and a #14 wire, the value is approxi-

mately 150 ohms. Across the resistor R1, connect a VTVM. At the input

end of the tube near the generator , connect the other VTVM (see Figure RSO3—4).

With the generator set at zero output , adjust the voltmeters for zero reading.

With an input to concentric tube of one or two volts, the meters will read

the same if the selected K
1 
is the correct termination for the system. If

the voltage at the top end of the tube is higher than the voltage at the

lower cr4, the termination is too high a value (and visa versa). By suc—

(essive trials, a value of resistance can be found which will terminate the

line properly. Several resistors in parallel or series combinations may be

used to get the required value if a single resistor of correct value cannot

be found . Successive lower frequencies should then be tried and should

res ilt in identical readings on the two meters if everything is in order.

This termination can now be disconnected and measured on a dc resistance

bridge , the value being recorded as K1.

4.1.2.2 Termination of Horizontal Line. — With the termination of the con-

centric line removed, connect the end of the horizontal line to the center

wire of the tube (see Figure RSO4—5). With the voltmeters in positions A

and C and temporary termination R2 
(approximated with following equations)

removed , the frequency at which the system is 1/4 wavelength is found as in

section 4.1.2.1. This frequency is to be used in the following accurate

detc~rmination of R2.

The Following equations can be employed to determine an approximate value

for k2.

Case 1 — Wire is much closer to ceiling than to floor :

4D
Zo 138 log10 -

~~
-
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where D — distance from wire to ceiling and

d — diameter of wire (80.81x10 3 inches for #12 wire).

Case 2 — Distance of wire to ceiling is greater than 1/3
enclosure height

r hi
— L’38 log + S

where h — height of shielded enclosure and

d diameter of wire.

For~ f inding the exac t value of R2, the voltmeters are connected in positions

B aid C (see Figure RSO4—S); proceed as in paragraph 4.1.2.1 to find the cor-

rect termination. Once the voltmeters read the same or within 0.1 volt of

one another for several frequencies, the termination may be removed , measured

on a bridge and replaced permanently as part of~ the system . Record termina-

tion value as K2 
— 1L’ the characteristic impedance of the line , to be used

later in calculation of inal concentric line feeder termination and atten-

uat ion constant.

4.1.2.3 Matching the Horizontal Line to the Conce~~ric Tube Feeder. - The

termination found in Paragraph 4.1.2.2 is the correct value for the single

w1r~ horizontal line alone and will be the impedance one would “see” looking

in the end opposite to that termination. However , this resistance is not

the correc t value for proper termination of the top of the concentric line.

Since the termination of the concentric line at this point is of concern ,

a resister may be put in as a termination , which , in parallel with the 1st —

peci.inee presented by the horizontal line, will give the va l ue of resistanc e

determined in Paragraph 4.1.2.1 as the correct terminat ion of the concentric

line . The formula for finding this resistance is the usual one for finding

values of parallel resistance combinations.

R
1

x R
3
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where K
1 

- termination for concentric line from Paragraph 4.1.2.1,

K2 termination for horizontal line from Paragraph 4.1.2.2, and

R3 
- termination which must be put across the top end of concentric

line as indicated in Figure RSO4—6.

After both terminations have been placed in the system (see Figure RSO4—6),

a f inal check should be made to see if the voltages at the bottom end of

~oncentric line and far end of the horizontal line remain substantially

the same over a frequency range from 11. kflz to 30 MHz.

4.1.3 I)etermination of an attenuation constant (K) relating the voltage

a~ point A of Figure RSO4—/ to field strength in microvolts per meter

(iiV/m) around transmission line at a known distance.

F ~V/m - 2.36 x io
3 

~~ 

+ 2d1 - d 2
~
12 + d)

1 2.36x103/l 1 1
and 

ZL 
+ 2d

1 
— d 

— 2d
2 

+ d

or E~iV/ m
d

wher~. !; iiV/m — field strength at known distance (microvolts per meter),

F1 
— izV into line at point A (Figure RS04—7) from a signal

generator ,

— ch.iracteristic impedance of line ,

d , d
3
, d2 

(inches) are distances as indicated in Figure RSO4—7 , and
Kd 

— attenuation constant (factor).

;l (onstant and , for a standard teat distance d , in a given enclosure

can .ilwa ys be used to determine field strength in microvolts per meter in

• term 4 of the generator input in microvolts.

For c~camp1e: If this constant ratio is found to be 5, then to obtain a

h eld strength at the teBt item of 1 volt/meter , the signal generator input

w ill be set. at 5 volts. Calculations should be checked by actual measurement

of t hic field.
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Figure RSO4—6. Configuration for Matching Horizontal Line to
Concentric Line.
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Figure K504—1. Attenuation Constant for Matching Horizontal Line
and Concentric Line.
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4.2 Parallel Plate Line Procedure. —

4.2.1 Configure the equipment as shown in Figure RSO4—8 with special
emphasis on placing the test item as much to the center of the line as

possible. Interconnecting and power leads shall be kept 4 to 6 centi—

meters above the ground plane and laid out parallel to the line for a

length not less than 1 meter. Select test signals in accordance with

applicable requirements of MIL—STD--46l, FAA Notice 1K or as specified

in the Test Plan.

4.2.2 By means of the calibration chart of electric field intensity as

a function of the F741 meter reading (see Figure RSO4—9), corrected by the

mat (hing pad insertion loss, adjust the output of the signal generator so

that the fields between the plates correspond to the applicable limits.

4.2.3 The test item shall be tested to two orientations in its upright

position , one where its front face is directed out toward the side of

the l ine and another where its face is directed along the length of the
line . Sides which have openings for power leads, shafts, ventilation ,

etc. shall be faced upward toward the top line plate. In no case shall

the test item be closer than 10 centimeters to the upper plate.

4.2.4 The chassis of the test item shall be grounded through the power

cord only. An insulating material shall be placed between the teat item

and the lower plate of the line.

4.2.5 Determine the frequencies and the minimum field strength at which

the test item is susceptible . Record all pertinent data.

4.3 Notes. -

4.Ll Especially important to obtaining a uniform field is the loading of

the line with a non—inductive resistor. This applies equally to the match-

ing network used with the P211 meter. All resistors should be chosen with

+ 1 percent tolerance.

4.3.2 Care should be taken to assure that the resistive load used will

be able to handle the power which is to be applied .
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4 . 3 . 3  The P211 mater should be placed outside the shielded enclosure.

Cables leading to the P211 mater should be kept as short as possib le .

4 . 3 .4 A VTVM may be used in place of the P241 meter and matching network

if desired.
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