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REVIEW OF INFORMATION ON HAZARDS TO PERSONNEL
FROM HIGH-FREQUENCY ELECTROMAGNETIC RADIATION*
Herbert Pollack, M.D., Ph.D. (Med.)

Janet Healer, B.S.¥¥

Summary

Foreign and domestic literature on biological effects of elec-
tromagnetic radiation has been examined for information relating to
safety criteria. Emphasis wa aced on obtaining relevant infor-
mation on frequencies below 32%:2c, most particularly on the high-
frequency (3 - 30 mc) region. This information is reviewed and

evaluated.

Discussion

The question has been raised as to the possible biological
effects of electromagnetic radiation of frequencies less than 300 mc
(wavelengths less than 1 meter). A review of the open literature
relevant to this question was made, the results of which are pre-

sented in this report.

Information on biological effects of electromagnetic radi-
at{;:Jin the frequency range from about 1 mc (300 meters) to 300,
000"me (1 mm) were reviewed. This revealed a number of reports in
the Soviet bloc and to some extent in the western literature dealing
with clinical evaluations of people who were exposed to these elec-
tromagnetic radiations in their working environment, and a limited

nunber of controlled experiments with intact animals and other

“This review was prepared originally at the request of Samuel
Koslov, Special Assistant for Intelligence and Surveillance
to the Director of Defense Research and Engineering.

el
The co-author, Janet Healer, is on the staff of the Allied
Research Corporation, Concord, Massachusetts. This work was
done under ARA Project 8348.
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biological material. Most of this literature deals with electro-
magnetic radiation in the frequency range 1,000 mc to l0,0d;:]c.
Little attention has been paid to the high-frequency range of 3 mc
to 30 mc.

It was necessary to establish criteria for the safety of those
exposed to these environments. Owing to the lack of good reliable:
experimental data different groups of pedple arrived at very diffe-
rent conclustions. Most of the evidence upon which these safety cri-
teria are based occurred as a result of experience in the 300 - 300,
000 mc frequency range. The—few-safety .criteria which-exist-for .fre-
quencies below 300 -mc-were-based upon either“extrapolation-of-highenr

frequency data or upon-very limited experimental evidence.

It is universally agreed that these electromagnetic radiations
bring about an increased thermal load on the body. *® The effect is
related primarily to the average field strength and secondarily to
the wavelength, i.e., the longer wave lengths penetrate and the
shorter wave lengths result in a surface heating. The effect of
this theoretical difference may, however, be modified by the hetere=
genous nature of the body composition.

In contrast to the easily observable thermal effects as yet
there is no universal agreement as to~an-"athermal" or- "specific"
effect. These have been-described-as.--disturbances of the central
nervous. system-and-of the vegetative nervous- system resulting -in
various cardiovascular-changes-and.other.disruptions., In addition,
behavioral changes occur—and-such-effects~as~general asthenia,
tiredness, headache,-irritability,-loss-of-memory--loss-of-appetite,

etc. have been reported.-

Historically, safety standards have been set and subsequently
modified based upon experience, It=is=universally—agreed-that when
the.average power-density-of-the. field is-greater-than~10 mw/cm?
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thermal effects predominate. These could be quantitated and hence
served as the basis for the early safety standards. Mumford (1961)
gives a well documented account of the historical development of
safety criteria and levels in the U,S,

In 1953, Bell Laboratories proposed 0.1 mw/cm® as a safe level.
Subsequently, it was decided that this level was too conservative,
In 1957, Rome Air Development Center Regulation“established a "haz-
ardous microwave radiation level of 10 mw/cm®. or.greater over-the
entire microwave spectrum.! This level was also adopted by Bell
Telephone Laboratories and the American Telephone and Telegraph
Company in the same year. Roman(1958) reported that-the-Navy
Bureau of Medicine had tentatively established-10-mw/cm®~as-a toler-
able dose for constant exposure. In 1958, the U.S. Army adopted this
level as a tentative safety criteria (see also U.S. Army Regulation
No. 40-583). 10 mw/cm® was referred to as a safe level and was ten-
tatively adopted by the Armed Forces for all frequencies., U.S, Air
Force Manual 161-7, Army Tech. Bulletin 270 (1965) reiterates this
value. Various other investigators had proposed different values

based on time of exposure and portion of the body exposed.

The most recent effort in this country at establishing criteria
for safe levels of exposure was by the U,S, Commission on Standard
Safety Levels of Electromagretic Radiation With Respect to Personnel.
The results of their deliberations have been sponsored by fhe IEEE
and the U.S. Department of the Navy and approved and published by the
USA Standards Institute on November 1966. They recommend as a radi-
ation protection guide for normal environmental conditions and for
incident electromagnetic energy of frequencies from 10 mc to 100,000
mec-.an. exposure -density-of -10-mw/cm®-as-averaged over any possible ~
«0,1 hr. Thus, under this criterion, a permissive dosage of 10 mw/
cm® for periods of 0.1 hours or more is allowed. The allowable
energy density is 1 mw-hr/cm® during any 0.1 hour period making expo-
sures of more than 10 mw/cm® permissible for very short periods of
time - i.e., less than 0.1 hours.
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These same values were reported in 1965 by Osipov, whose book con-

tains a more extensive discussion of this whole subject area.

Gordon (1964) considered problems of industrial hygiene and of
biological effects as produced by various electromagnetic bands.
Working with rats, she examined thermally caused death and also
threshold intensities of the thermal effect for the various fre-
quency bands. Like many other foreign ihvestigators, however, her
concern is primarily with non-thermal effects. She studied the
effect of non-thermal intens: v radiation as related to wave bands
and found central nervous system response manifested by functional
changes, occurring at intensities well below thermal threshold intens-
ities. She reports that although her studies on effects of prolonged
exposures to very low intensity radiation had just begun, they
"could already say that radiation over an interval of one-two months
at an intensity not productive of the integral thérmal effect, can
produce severe functional changes in the central nervous system.

The functional changes consisted of alteration in the reactivity of
the central nervous system to certain stimuli (rhythmic light) and
the appearance in some of the experimental animals of epileptoid
predisposition to sensory provocation -- photostimulation in a num-

-ber of cases producing an epileptiform bioelectric activity."

Minecki (1964) compares the maximum permissible field inten-
sities of various countries and organizations. He states the previ-
ously quoted U.S.S.R. values which he dates as 1958 for frequencies
greater than 300 mc and a U.S. Armed Forces (1958) value as 10 mw/
cm® for all frequencies. He also includes a North Atlantic Treaty
Organization (1956) value of 0.5 mw/cm®, and a value of 0,01 mw/cm®
for frequencies greater than 300 mc which he attributes to the Gene-
ral Post Office of Great Britain (I.S.S.A. Intern. Coll., Warsaw
1963). The Polish (1961) values for frequencies greater than 300 mc
are the same as those of the U.S5.S.R,
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While such is not the case in the U.S., in some other coun-
tries, separate criteria do exist for the lower frequencies (below
300 mc) as distinct from the microwave frequencies (300 - 300,000
mc). Among the maximum permissible intensities referred to by
Minecki (1964) are U.S.S.R. (1958) values of 5 - 10 v/m (0.003-
0.013 mw/cm® ) for frequencies less than 3 mc, Sweden (I.S.S.A.
International Colloques, Warsaw, 1963) value of 222 v/m (6.5 mw/
cm®) for frequencies less than 87 mc, and from Czechoslovakia
(Marha, K., 1963) values of 5-10 v/m (0.003-0.013 mw/cm®) for fre-
quencies from 0.,01-300 mc.

Opsipov (1965) refers to maximum permissible values for medium
and long waves (approximately 100-1500 KC and 10-100 XC, respec- *
tively) as 5 v/m (0,003 mw/cm®) at those points in the work area
where there may be workers, and 10 v/m (0.013 mw/cm®) at work places
near operating elements of high frequency installdtions. He refe-
rences these values as having been published in "Temporary Sanitary
Regulations in Governing Work with Electronic High-Frequency Heat-
ers," approved by the Main State Sanitary Inspector U.S.S.R., 15
January 1955, No. 180-55. He further notes that there is some rea-
son for raising the electric field standard to 20 v/m (0.053 mw/
em®) and also to specify a maximum permissible intensity for the

associated magnetic field.

Osipov (1965) also studied a group of people who were exposed
to these lower frequencies and noted certain neurological and car-
diovascular symptoms, slight changes in the blood, and functional
disorders of the central nervous system. Xhazan (1958) studied
people exposed to frequencies of 0,3, 0.5, 20 and 75 mc. He found
similar changes. With respect to the nervous system, he reports a
disruption of the balance between the "processes of excitation and
inhibition." ;
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Smurova et al. (1966) also examined people exposed to low
frequency radiation. This paper states as permissible industrial
exposure limits: 20 v/m (05053 mw/em®) for 3-30 mc radiation and
5 v/m (0.003 mw/cm®) for 30-300 mc radiation. These safety criteria
were recommended in 1964 by the Institute of Industrial Hygiene and
Occupational Diseases of the U,S.S.R, Academy of Medical Sciences
(Fukalova, 1966). ' it

For the most part, no distinction is made in these safety cri-
teria for continuous as opposed to pulsed.waves. As previously men-
tioned, this is so in the U.S, because of the focus on thermal dam-
age. However, it appears that some consideration should be given
to such a distinction. There are reports on experiments in which
these two types of radiation were studied which indicate differen-
ces in their effects. These reports deal with frequencies both in

and below the microwave range.

It is interesting to note that Minecki (1964) gives a Czecho-
slovakia (Marha, 1963) maximum permissible intensity for frequen-
cies greater than 300 mc which does make a distinction between con-
tinuous and pulsed waves. For continuous waves, the allowable in-
tensity is 0.025 mw/cm® and for pulsed waves it is 0.0l mw/cm?,

Thus, greater precaution is suggested for exposures to pulsed waves.

Osipov (1965) reviews some of the work which compared effects
of pulsed and continuous fields. Some of this work, using 50 mc
waves, indicated an opposite direction of effects with continuous
and pulsed radiation such that excitation processes prevailed under
the action of continuous radiation while inhibition processes pre-
dominated as a result of pulsed radiation. Osipov also refers to
other authors who found pulsed waves to have a somewhat stronger
biological activity than continuous waves and to produce somewhat
more pronounced morphological changes.
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In a 1964 paper, Presman discusses the question of the non-
thermal interaction of electromagnetic fields with the living or-
ganism, In this light, he refers to the work of various investi-
gators and, with reference to several of these, mentions that the
changes reported were observed over a wide range of frequencies and

that they were more pronounced with the use of pulsed radiation.

In a two-part paper published in 1962, Presman and Levitina
-report on their experiments with the action of continuous and
pulsed microwaves on cardiac rhythm., They exposed rabbits to con-
tinuous 12.5 cm (2,400 me) waves for 20 minutes, twelve to thir-
teen times. The radiation intensity was 7-12 mw/cm®. The pulsed
radiation had a wavelength of 10 cm (3,000 mc), an impulse duration
of 1 microsecond, and a frequency of 700 impulses/sec. The average
intensity of these pulsed waves was 3-5 mw/cm® and it was noted
that the impulse intensity exceeded the mean inteﬁsity by 1400
times. The irradiations were both dorsal and ventral and non-
irradiated parts of the body were shielded with plates absorbing
the microwaves., Electrocardiagram recordings were made. A chrono-
tropic effect was found with a shift toward retardation of rate as
a result of ventral irradiations and acceleration of rate with dore
sal irradiation. The authors report that the chronotropic effect
of pulsed irradiation was more pronounced than that caused by con-
tinuous waves. In addition to papers cited here, there are other
reports in which consideration is given to this question of effects

of continuous and pulsed forms of radiation.

Concluding Remarks

There is considerably more data on biological effects and
safety guides for electromagnetic radiation in the microwave fre-
quency range, (300 to 30,000 mc) but there is also certain limited

data pertaining to lower frequéncies (<300 mc).
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There is considerable evidence that exposures to microwave
radiation (300-30,000 mc) with an average power density greater
than 10 mw/cm® for periods greater than 0,1 hour can be biologi-
cally harmful, largely as a result of thermal effects. Further-
more, for both microwave and lower frequencies, limited-clinical
studies of humans ‘and controlled animal ‘experiments present evi-
dence of harmful-effectsat intensities~considerably lower-than
10-mw/cm? ,

In addition, there-are. indications.that pulsed-wave.radiation
may produce & more pronounced-biological-effect than~continuous

wave radiation. -

In view of this evidence, it is recommended that, to the ex-
tent practical, a conservative approach to safety criteria (approach-
ing the U.S.S.R. standards) be applied, particularly where hazards

to non-controlled personnel may be involved.


magdahavas
Highlight

magdahavas
Highlight

magdahavas
Highlight

magdahavas
Highlight

magdahavas
Highlight


Bibliography

1. Addington, C. H.,, F, Fischer, R. Neubauer, C. Osborn, Z. Sar-
kees and G. Swartz, 1958: "Studies on the Biological Effects

of 200 Megacycles," in Proceedings of the Second Tri-Service

Conference on Biological Effects of Microwave Energy, 8, 9,
10, July 1958, compiled and edited by E. G. Pattishall and
F. W. Banghart, ARDC-TR-58-54 (also AD 131477), pp. 189-201.

2. Addington, C, H,
kees, 1959: "Biological Effects of Microwave Energy at 200 Mega-

, C. Osborn, G. Swartz, F. Figcher, and Y. Sar-

cycles Upon the Eyes of Selected Mammals™, in Proceedings of

Third Annual Tri-Service Conference on Biological Effects of

Microwave Radiating Equipments, 25, 26, 27 ARugust 1959, com-
piled by Dr. Charles Susskind, RADC-TR-59-140 (also AD 234788),
pp. 1-9.

3. Addington, C, H., C. Osborn, G.|Swartz, F. Fischer, and Y, Sar-
kees, 1959: "Thermal Effects of 200 Megacycle (CW) Irradiation
as Related to Shape, Location and Orientation in the Field,"

in Proceedings of Third Annual Tri-Service Conference on Bio-

logical Effects of Microwave Radiating Equipments, 25, 26, 27
August 1959, compiled by Dr. Charles Susskind, RADC-TR-59-140,
(also AD 234788), pp. 10-14,

4, Addington, C, H., C, Osborn, G. Swartz, F., P, Fischer, R, A, Neu-
bauer, and Y. T. Sarkees, 1961: "Biological Effects of Microwave

Energy at 200 MC," in Proceedings of Fourth Annual Tri-Service

Conference on the Biological Effects of Microwave Radiation,
16-18 August 1960, M, P, Peyton (ed.), Plenum Press, pp. 177-186.

10



15

X 3 28

12,

Baldwin, B, R, et al., 1961: "Survey of Radio Frequency Radia-
tion Hazards," Midwest Research Institute, Kansas City, Missouri,
Navy Bureau of Ships Contract No. NObs-7742, Summary Report No.
2, AD 427512, 79 pp.

"Biological Effects of Radio .Frequency Radiation, Bibliography",
prepared jointly by Rome Air Development Center, Griffiss AFB,
N.Y., and Midwest Research Instituté; Kansas City, Missouri,
RADC-TR-60-205, (also AD 244003) 1960.

Dinkloh, H., 1966: "Health Damage Caused by Microwaves, Especi-
ally Radar Waves," Wehrmedizin, Vol. 4: 123-131.

Dodge, C., and S. Kassel, 1966: "Soviet Research on the Neural
Effects of Microwaves," ATD Report 66-133, 33 pp.

Faytel'berg-Blank, V, R 1962: "Absorptive Gastric and Intes-
tinal Activity Under the Influence of the Ultrahigh-Frequency
Electric Field," Fiziologicheskii zhurnal SSSR (Moscow), Vol.

48(6): 735-541.

L

Fukalova, P, P., 1966: "Effectiveness of Protection Against SW
and USW Electromagnetic Fields at Radio and TV Stations," Gigi-
yena i sanitaria, No. 5: 112-114. (English transl.: Hygiene
and Sanitation, Vol., 31(4-6): 306-308, April-June 1966).

Fukalova, P, P., M., S, Tolgskaya, S. V. Nikogosyan, I. A, Kit-
sovskaya and I. N, Zenina, 1966: "Research Data on the Standardi-
zation of Electromagnetic Fields in the Short and Ultrashort
Wave Ranges,™ Gigiyena truda i professional' nyye zabolevaniya,
No. 7:5-9. (English transl.: ATD Report 66-126, Sept. 1966).

Goncharova, N. N, V, B, Karamyshev, and N, V, Maksimenko, 1966:
"Problems of Occupational Hygiene in Work with Ultrashort-Wave

Transmitters used in TV and Radio Broadcasting,” Gigiyena truda

i professional' nyye zabolevaniya, Vol. 10 (7): ;0-13. (Eng-
lish transl.: JPRS 38, 663).

11


magdahavas
Highlight


£33,

14.

L5,

56,

i

18,

19.

Gordon, Z. V,, 1964: "Problems of Industrial Hygiene and of the
Biological Effect Produced by Radio-Waves of Different Bands",

Akad. Med. Nauk. Vestnik, Vol, 19(7): 42-49, (English transl.:
JPRS 27, 032 and N65-10122).

Gvozdikova, A, M,, V. M, Anan'yev, I, N, Zenina, and V, I. Zak,
1964: "Sensitivity of the Rabbit Central Nervous System to a
Continuous Ultra-High Frequency Electromagnetic Field," Byull.
Esksper, Biol. i Med., Vol. 29 (8): 63-68.

Huzl, F. et al., 1966: "Examination of Workers Exposed to
Electromagnetic Waves One Meter and Longer in the West-Bohemia
Region," Pracovni Lekarstuvi, Vol. 18: 100-108, TN

Il'in, B, I. and V. G, Korolev, 1964: "Treatment of Pedal'Hyper-
hydrosis with a UHF Electric Field," Voprosy KXurortologii, Fizio-

terapii i Lechebnoy Fizicheskoy Kul'tury, Vol. 29 (2): 172,
(English transl.: JPRS 25, 121).

Khazan, G, L
tain Problems of Industrial Hygiene in Work with High-Frequency

., N, N, Goncharova, V, S, Petrovskiy, 1958: "Cer-
Currents,”" Gigiyena truda i professional'nyye zabolevaniya,
Vol. 2(1):9-16. (English transl.: JPRS L-1474-D and OTS, TT-
11443), |

Kholodov, Yu. A., 1966: The Influence of Electromagnetic and

Magnetic Fields on the Central Nervous System, Moscow, 281 pp.,
(Partial English transl.: JPRS 37, 102, TT 66-33531 and N66-
35763.

Klimkova-Deutschova, E, and B. Roth, 1963: "The Effect of
Electromagnetic Waves on the Nervous System: An Electroence-
phalographic Study," International Archiv fur Gewerbepathol.
und Gewerbehyg., Vol. 20(1): 1-10.

12



20,

el

22 .

e

24,

25

26 .

27,

28,

Livshits, N. N., 1957: "Conditioned Reflex Activity in Dogs
Under Local Influence of a V,H.F, Field Upon Certain Zones of
the Cerebral Cortex", Biofizika, Vol. 2(2): 197-208.

Livshits, N. N., 1957: "The Conditioned Reflex Activity in Dogs
Stimulated by Ultra High Frequency Fields (UHF) in the Cere-
bellar Region," Rkademiya nauk SSSR, Doklady, Vol. 112(6): 1145-
1147.

Livshits, N. N,, 1958: "The Effect of an Ultra-High Frequency
Field on the Functions of the Nervous System," Biofizika, Vol.
3(4): 426-436,

Marha, K., 1963: "Biological Effects of High Frequency Electro-
magnetic Waves," Pracovni Lekarstvi, Vol. 15(9): 387-393,
(English transl.: ATD Report 66-02, AD 642029, also N67-12957).

Mickey, G. H., 1963: "Electromagnetism and its Effect on the
Organism," New York State J. of Med., Vol. 63:1935-1942,

Minecki, L., 1961: "The Health of Persons Exposed to the Effect
of High Frequency Electromagnetic Fields," Medycyna Pracy, Vol.
12(4): 329-335. (English transl.: AD 271865, FID-TT-61-380/1).

Minecki, L., 1964: "Critical Evaluation of Maximum Permissible
Levels of Microwave Radiation," Archiv Za Higijenu Rada i
Toksikologiju, Vol. 15(1): 47-55.

Mumford, W, W,, 1961: "Some Technical Aspects of Microwave
Radiation Hazards," Proc. IRE, Vol, 49 (2): 427-447,

Nyrop, J. E., 1946: "A Specific Effect of High-Frequency Elec-
tric Currents on Biological Objects," Nature, Vol. 157 (3976):51.

13



29,

30.

Sk

22 ,

Sy

34,

a5,

6,

-

38,

39,

40,

Obrosov, A, N, and V. G. Jasnogorodski, 1961: "A New Method
of Physical Therapy - Pulsed Electric Field of Ultra-High
Frequency," Digest of 1961 Internatl., Conf. on Medical
Electronics, P, L. Fromer (ed), published by Conference
Committee, p. 156.

Obrosov, A., and A. Krotov, 1966: "UHF Pulse Therapy,"
Meditsinskayagazeta, p. 3.

Osipov, Yu. A., 1952: "The Effect of Ultrahigh Frequencies
Under Industrial Conditions," Gigiyena i Sanitariya, No. 6: 22-23,

Osipov, Yu. a., 1965: Labor Hygiene and the Effect of Radio-
Frequency Electromagnetic Fields on Workers. Leningrad,
Meditsina Publishing House, 220 pp.

Presman, A, S., 1964: "The Role of Electromagnetic Fields in
Physiological Processes," Biofizika, Vol. 9 (1): 131-134,

Presman, A. S., 1965: "The Action of Microwaves on Living
Organisms and Biological Structures." Usp. Fiz. Nauk, Vol.
86: 263-302, (English transl.: Soviet Physics«Usperkhi,

Vol. 8 (2): 463 - 488).

Presman, A. S., Yu., I. Kaminskii, and N. A, Levitina, 1961: "The
Biological Action of Microwaves," Uspekhi Sovrem. Biol., Vol. 51(1):
84-103, (English transl,: JPRS 9451).

Presman, A, S. and N, A, Levitina, 1962: "Nonthermal Action of
Microwaves on Cardiac Rhythm, Communication I. A Study of the
Action of Continuous Microwaves," Byull. Eksper. Biol. i Med.,
Vol. 53(1): 41-44.

Presman, A. S. and N. A, Levitina, 1962: "Nonthermal Action of
Microwaves on the Rhythm of Cardiac Contractions in Animals,
Report II, Investigation of the Action of Impulse Microwaves,"
Byull, Eksper. Biol. i Med., Vol. 53 (2): 39-43,

Revuts'kyy, Ye.L., 1964: "Effect of High-Frequency Electromagnetic
Vibrations on the Motor Function of the Human Stomach," Fizol.
Zhur. Akad. Nauk Ukr, RSR, Kiev, 'Vol. 10 (5): 636-640,

Revuts'kyy, Ye. L., 1965: "The Effect of HF, VHF, and UHF on
the Secretory and Excretory Functions of the Human Stomach,"
Fizod. Zhur., Vol. 11 (3): 360-384,

Revuts'kyy, Ye. L., and F. M. Eydel'man, 1964: "Effect of Centi-
meter and Meter Waves on the Content of Biologically Active
Substances in Human Blood,"™ Fizol. Zhur., Vol. 10 (3): 379-382,

14


magdahavas
Highlight


41,

42,

43,

44,

45,

46.

47.

Roman, J., 1958: "Radio Frequency Hazards Aboard Naval Ships,"
in Proc. Second Annual Tri-Service Conf. on Biol. Effects of
Microwave Energy, 8 - 10 July, 1958, compiled and edited by
E. G. Pattishall and F. W. Banghart, ARDC-TR-58-54 (also AD 131477)
pp. 70-87.

Schwan, H. P., and K. Li., 1956: "Hazards Due to Total Body
Irradiation by Radar," Proc. IRE, Vol, 44 (11): 1572-1581,

Solovtsova, K. M., 1965: "Effect of Electromagnetic High-
Frequency Oscillations on the Functioning of the Liver in
Persons with a Normal or Moderately Pathological Functional
State of This Organ," Fiziol. Zhur,, Vol. 11 (4): 498-503,

Smurova, Ye, I., T. Z. Rogvaya, I. L. Yakuv, and S. A. Troitskiy,
1966: "General Health of Persons Working with HF, VHF, and UHF
Generators in Physiotherapeutic Rooms," Kasanskiy Med. Zhur.,

No. 2: 82-84,

Publication Nav. Ships 0900-005-8000, 15 July 1966: "Technical
Manual for Radio Frequency Radio Hazards."

U.S. Air Force Manual 161-7, "Control of Hazards to Health from
Microwave Radiation," Army Tech. Bulletin Med. 270, December 1965.

U. S. A. Standard C 95.1 - 1966, "Safety Level of Electromagnetic
Radiation with Respect to Personnel," approved 9 November 1966,
by U.S.A. Standards Institute, co-sponsored by IEEE and U. S.
Dept. of Navy,

5



