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SUMMARY

This memorandum presents g survey of the radiation cheracteristics
(spectrum signatures) of electrical and electroniec equipments such as
rectifiers, welders, power lines, switching devices, ignition systems,
induction heaters, and ez.éetric motors.

Several equipment signatures were compiled from interference reports,
which indicated that some industrial activities radlate strongly enough
to cause interference at ranges up to a few miles, and that most of the
energy is concentrated in the low-frequency portion of the spectrum.

The equipments mentioned were measured at very low frequencies at
the Douglas Aircraft Company, Santa Monlca, using Stoddart Airereft Radio
Company receivers, and the graphs show strong and unique signatures in

the SLF and ULF (30 to 3000 cps) bands.
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RADIATION MEASUREMENT TECHNIQUES

Interference reports are notorious for their lack of accuracy with
respect to signal levels, receiver bandwidths, and other measurement
specifications necessary for an accurate determinstion of signal charsc-
teristics, However, this practice is often justified for the purposes,
which are primarily to detect, loeate, and eliminate sources of interfer-
ence. The interference technician is usually not concerned with exact
signal levels either before or after adeguate suppression techniques have
been spplied. Therefore, interference reports often plot signal levels
in "microvolts," or "mlerovolts per meter,” without further details.

Some reports specify "microvolits per meter per kilocycle (bandwidth),”
but even this is often not really adequate from the signature viewpoint,
because many equipment radiations vary greatly within a few eycles per
second of frequency change.

There is little published information on this relatively new subject
of equipment radiation characteristics or spectrum signatures. The
signatures reported in this memorandum represent the results of a survey
of the literature concerning both domestic and foreign sources, in
addition to the leads obtained from visiting most of the individuals and

groups concerned with interference in the Los Angeles area.

LOW-FREQUENCY DESIGNATIONS

The accepted usage in designating the various low-fregquency bands is
as follows:

extremely low frequency, (ELF) 3 to 30 cps
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super low frequency, {SLF) 30 to 300 cps

ultra low freguency, (ULF) 300 to 3000 cps

very low frequency, (VLF) 3 to 30 ke

low fregquency, (LF) 30 te 300 ke
However, the Stoddart NM-LOA receiver used in making the measurements reported
in Section III covers the 30 to 15,000-cps frequency range. Since it would
be avkward to specify the NM-LOA as a SLF, ULF, and most-of-VLF receiver,
Stoddart has adopted the ebbreviation VVLF. This practice has been followed

in Section III.
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I. INTRODUCTION

With the increasing use of electrical and electronic equipment in the
last few decades the time-spectrum-geographic conflicts have also increased.
Various efforts have been made to reduce this interference, or, in other
words, to increase the electronic compatibility. One step in the procedure
is to determine the radiation characteristies, or spectrum sigaa$ares* of
the egquipments.

This memorandum presents a survey of the literature available on devices
vwhich, although not deslgned to radiate, do radiate significant emounts of
energy ot various freguencies. Examples are heliarc welders, induetion
heaters, generating stations, transmission lines, spot welders, and
industrial rectifiers. In addition to the literature survey, very-lov-

frequency measurements (30-3000 cps) were made on some of the eguipments.

#*
Reference 1 defines equipment spectrum signature: "-An equipment
spectrum signature is a summary and presentation of data showing all radio
frequency energy radiations, both desired and undesired, of electronic
equipments that generate electromagnetic energy for either internal ox
external use. It also includes the sensitivity characteristics of electronic
equipmeﬁt, including receivers, that are influenced by electromagnetic
energy.
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II. SOME FASTLY DETECTABLE DEVICES

Very-low-frequency detection of electrenic signatures dates back to gt
least 1885, when "...about 150 representatives of Electric Light Companies
assembled in Chicago and discussed the many problems of interference with
telephone service due to induetion vhich were even then coming up.“(g)

ganizations as the Federal Comminications Commission (FCC), the

power, light, telephone, and aircraft compenies, individuals concerned
with electrical interference reduction have since accumilated a background
of experience with electronic signatures. Most of the following information
was obtained frem these sources.

Mercury arc rectifiers, wel&ers,(S) power lines, radio-frequency
heaters, fluorescent lights, and electric motors of all types are examples
of industrial eguipments that can be detected at ranges of a few miles,

Specific items are discussed briefly in the following sections.

Mercury arc rectifiers exhibit musieal whines ,* which is to say that
the sounds show distinet fregquencies when detected either by induction or
as modulated carriers. For example, a six-phase rectifier radiates on the
fundamental, 6th, 12th, 18th, 24th, ete, harmonies of the supply system
frequency.(M No appreciable energy is radisted above 5 mc, Under no-load

conditions, readsble hermonics of 60 cps up to the 1llth are produced.

*Priva.te commnication with Mr. L. E. Ludekens, Commumnications Division,
Southern California Edison Co., Los Angeles, California.



Mercury arc rectifiers are used extensively in electrolytic processes,
such as in the production of alumimmm, magnesium, zinc, copper, chlorine,
and hydrogen, in all types of traction ‘and braking systems, in mining fields,
in steel mills, in d.e. power trensmissions, and in welding applicatiems.

The electronlc signature,” or frequency-time-field intensity relation-
ship of the radiation from a mercury arc rectifier can be easily expressed
in graphs of frequency versus time, and field intemsity versus frequency,

as shown in Figs. 1 and 2.

1800

1440

1080

Frequency
(CpS) 720

360

€0 | 1 ] 1 i 1 | | J
0 | 2 3 4 5 6 7 8 9

Time (min)

Fig. | — Frequency — time signature of a six—phase
mercury arc rectifier
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‘60 360 720 l680 1440 1800 2160
Frequency (cps)

Fig. 2—Field intensity — frequency signature of
' a six-phase mercury arc rectifier

The field inteneity should be measured with a standard probe at a

stendard distance. The graphs of Figs. 1 and 2 were estimsted from the
descriptions of mercury arc rectifier radiations. The field intensity -
frequency signature of a half-wave, single-phase rectifier (similar to
Fig. 2) is presented in a paper by P. Verlashkin of the Electro Mechanics Co. o)
Many individuals concerned with interference suppression have learned to
recognize various equipments from the sounds they produce in receivers, but
1little gquantitative information has been compiled.

However, equipments that produce frequency-time characteristics are
commercially available. Panoramic receivers are being developed for the
Wave Propagation Group of the Bureau of Ships to produce field intensity -

freguency curves.(é) The reguirement for spectrum signatures from manufac-

turers in BuShips Military Specification MIL-I-16910A (SHIPS) Amendment 2
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should result in an extensive signature library after the proper measuring

equipment becomes generally available,

ELECTRIC WELDERS

Electric welders can be divided into eguipments for resistance and arc
welding.(l})

applied to overlapping sheets., Spot welders exhibit single-pulse, clicking

Spot welding 1s typical of the resistance type and is often

*
sounds and are detectable both by induction and by low~-frequency radio.
Currents of the order of 10,000 to 20,000 amperes are common, and timing
sequences vary from two cycles on -~ two off, to twenty cycles on -~ fifty

off, Figure 3 illustrates a typical spot-welder timing sequence.

. 10,000 -A /‘/\
S R

-10,000

AN AAN
VUV VU

/20 2/20 3/20 4/20 5/20 6/20
Time (sec)

Fig. 3—Typical spot-welder timing sequence

The spectra of such sequences would be similar to those shown in
Figs. 4 and 5.(5 ) Thus most of the energy is concentrated in the 60 +to

6000-cps region.

11g’)?r3.va:te corpmunication with Mr. Ludekens.
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Fig.5—Spectrum of short pulses of three sine waves
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Helierc welders use a radio-freguency erc sustainer at about 2600 +
300 ke, The radiations are at least 500 to 800 ke wide, however, and
cover all frequency ranges from standard broadcast up to the television
ba.nds.* The sound of a heliarc welder is that of a frying noise, of long
bursts, on any frequency. There will also be very-low-frequency components
similar to those of Figs. 4 and 5.

A discussion of the problems of precise measurement at these frequen-
cies is given by Stehlew) in the 3rd Armour Interference Symposium Pro-
ceedings, The following guotation is teken from this report.

High-frequency stabilized electric arc welders are used in the
fabrication of many metals, especially aluminum and aluminum alloys.
The guality of the welds resulting from their use, particularly on
the thinner of these metals, are far superior to the welds produced
by any other known method. This has resulted in a great demand for
these welders by meny industries and maintenance groups.

The first general use of these welders resulted in interference
complaints to the Federal Communication Commission from listeners to
standard AM broadcest stations., Upon investigation, it was found
that an electric spark discharge was used to produce a conductive
path for the stert of the welding axc, in an envelope of inert gas.
Any other method of establishing a welding arc in this protective
gas envelope would conteminate the weld., Upon this one festure
depends the superiority of the welds produced. An electric discharge,
such as produced by a spark, contains electromagnetic energy over
many frequencies, Characteristics of the electrical circuitry of
the spark-producing components in the welders additionally lmpart
frequency characteristics 1o the electromagnetic energy produced.

The resultant electromagnetic energy may be concentrated around

what may be designated as a fundamental freguency range. Additional
energies may appear, in greater or lesser magnitude, at higher and
lower frequencies. This energy may be directly radiated into open
space. It may also be conducted to adjacent metallic cbjects or
structures such as telephone and power lines and metallic buildings
where it may become radiated. If the frequencies of such radiations
are the same as those assigned frequencies upon which radio commun-
ications are authorized and required, the energy from the welders
will, in varying degrees, interfere with the operation of the com-
munication equipments involved.

3*
Private communicaition with Mr. John Kember, FCC, Los Angeles,
California.
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Interference to many radio services from these welders, in-
cluding television, the emergency services such as fire and police,
aircraft communications, lending operstions and vital military com-
munications, has been reported. Because of this interference problem,
the location and use of such welders must be carefully controlled.
Heliarc welders are detectable at ranges up to at least three miles
even in an urban environment ,* and their electronic signatures are approxi-
mately as shown in Figs. 6 and 7. Many cases of heliarc welder interfer-

ik
ence with communication systems have been reported.

Frequency
(mess) o0k

Ol

i ] ] ]
5 6 7 8

Time {sec)

Fig.6 —Frequency —time signature of a heliarc welder

*Field trip with Mr. Lee Miller, Los Angeles Muanicipal Water and
Electrie Light Company.

**private commmication with Mr. Al Parker, Stoddart Aircrgft Redio
Compeny, 6644 Santa Monica Bouwlevard, Los Angeles 38, California.
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10,000

Relative 000~

ampiitude 100
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.0l A I 2610 100

Frequency {(mc/s)

—

Fig.7—Amplitude -frequency signature of a heliarc welder

ELECTRIC POWER LINES

Electric power lines are easily detected, as anyone with a car radio

who has driven under or alongside them can verify. The frequency spectrum

of high-voltage lines has the characteristic shape shown in Fig. 8.(8’9)

Spectre du champ au voisinage de la ligne portet s'victor
(ligne a 150k V conducteurs de 28mm) portée a 220 kV

(3,
]
(@]
()

1000
500

100
50

1o} 1l L+t 11t | [ R

0.10 0.2 04 0608 15 2 4 6 810
Fréquence en mégahertz

Champ parasite en microvolts par métre

Fig.8—Frequency spectrum of a high-voltage line
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Figures O and 10 show measured values. (10)

4 Spectre du champ au voisinage de lo
ligne double marmagne chevilly 230 kV
1000
o
C
@« 500
e
58
32 100+
aoc SO
E 3
O =
o ©
&2
E 10 | RN ] L4 P1dd
(oX] 0.2 04 06081 2 4 6 810

Frequence en megahertfz
Fig.9— Measured frequency spectrum of a high-
voltage line

40
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30 |-
£
~
>
3
S 20
(=]
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[=]
L
o
10 |~
L
o) i 1] < 1 1
75 45 15 o} 15 45 75

Distance (meters)

Fig.lO—Tronsverse profile of a long field intensity



The frequency-time spectrum of an electric power line would be simply

a continuous noise spectrum over the detectable frequencies. Measurements

made in the United States are presented in a paper by D. B. Wright.

(11)

Quoting from this source;

Figures [11] and [12] graphically present the survey data for

further analysis. It will be noted thet intensities of 8000 micro-
volts per meter per kilocycle bandwidth were observed in the lower
frequencies. Throughout the measuved band of frequencies, 150 ke
to 25 me, the maximm interference associated with both the l-kv
and 16-kv lines was either consumer-equipment-originated or foreign-
equipment-originated in most instances. The data presented in
Figures 11 (a) and (b) illustrate the variation in interference
intensities encountered. The date obtained on the 4-kv lines had
much wider veriation in intensity and at times the intensities
exceeded those encountered on the 16-kv lines. However, it will be
noted that the general level of interference atiributable to the
line itself is slightly higher for the 16-kv line as illustrated in

Figure 12 (a).

At various times during the survey, interference originating

in foreign equipment was coupled into the distribution system. This
interference was a repetitive pulse train, easily identified amid
the other interference assoclated with the line, and was observed
throughout the band at nearly all test locations in the system. It
was this interference, conducted or guilded by the lines, which
ereated the highest intensity fields encountered. Figure 12 (v)
compares the levels of this foreign-equipment-originated interference
with the open area ambient level survey. The anmbient level survey
was taken in an open ares within the general survey area and provides
a ressonsble representation of the average radiasted emergy fields
present...

It may be summarized that proper initial design, proper appli-

cation of system components, end rigid maintenance procedures and
schedules can reduce line-originsted interference to a minimum.
Field tests have shown that equiyment foreign to the transmission
line is capable of creating the predominant interference even on &
line laden with interference sources.
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SWITCHING DEVICES

Since most interference is multiple-arc-generated ,* it is useful to
consider the spectra of short pulses. Repetitive short pulses have the
characteristic éiscreté spectra shown in Figs. 13 and 14, as determined
by ordinary Fourier analysis.(s ) The spectral densities of single rectang-
ular pulses are shown in Figs. 15 and 16, as determined from Fourier

integral analysis. (12)

Figure 17 depicts an example of a measured micro-
switch spectrum.

Aside from the slight individual differences due to pulse duration or
repetition, the outstanding common characteristic of all electrical pulses
is that most of the radiated energy is concentrated in the IF and VLF
portions of the spectrum. However, in practice the paraméters of the
circuit associated with the switch or arcing mechanism influence greatly
the shape of the radiated spectrum. Figure 18 illustrates the amplitude-

frequency signature of a switch in a resistive circuit, 2)

*
- Private communication with Mr. E. E. Coker, Interference Section,
Los Angeles Municipal Water and Power Company.
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IGNITION SYSTEMS

Figure 19 shows the approximate equivalent circult of an ignition

system. (13)

R2 Spark gap
—D

/i-s\‘LB

- cl R3
Contact breaker—m BY
'———

Fig.19 — Simplified circuit of ignition system

Figures 20a and b show the meagured and theoretical spark current
frequency spectrum for the circuit of Fig. 19, vhich includes both capaci-
tive and inductive reactances. The radisted field intensity from the loop

formed by the ignitibn leads and the engine block ls proportional to the

— e
oo a |10
0 ~
~ 5_ (3 5
S <
J of < o
< E
E -5 o .5
o =
= -0 o -10
2 s ~ s
> \

2 -20 2 20} (b) \
o 25 Spectrum of spark \\ % -25} Spectrum of spork AN
2 -30F current for distributor \ “ _3p0} current for distributor
S .35L and plugs at \ 3 .35 and plugs at 75ib/sq in
_.::’ _aol. otmospheric pressure 2040_ pressure (gauge)
a 1 a 1

-45 -45
£ "% 10 oo £ 10 100

Frequency in Mc/s Frequency in Mc/s
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square of the frequency. Therefore, the theoretical radiated field strength

falls off rapidly at the lower frequencies, as shown in Fig. 21. (13)

L0

€ 25 , .

3 Theoretical radiated

e 20 "tield strength ot

T IS5 100 ft range

; 10

L8 S5

o 751b/sqin

- o

2 (gouge)

° -5 Atmospheric
= -0}

(=]

® -S|

o -20F

©

2 -es5f

£ -30

< 1.0 10 100

Frequency in Mc/s

Fig. 21— Automobile engine radiated
frequency spectrum

In practice the hood and radiator affect the radiation. Freguencies

above 50 mc are well shielded, (1k)

as shown in Pigs, 22 and 23. The
natural resonant frequency of the ignition system is about 20 mc, which
accounts for the peak at that frequency. The peak at 200 to 400 ke is
due to the combination of the coll inductance and the distributed capaciiy
of the leads. In addition, in the magnetic field there 1s a strong VLF
component due probably to the switching action., It is estimated in Ref.

14 that these automobiles would be detectable at ranges out to eight miles.

ELECTRIC MOTORS AND FLUORESCENT LIGHTS

Figures 24 and 25 show the spectra of various types of motors and
other electrical 'devices.(lf)) Figures 26 and 27 illustrate typical inter-
ference spectra from fluorescent lamps, indicating the usual interesting

increase at the lower frequencies.(lé)
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It is apparent that the radiations from automotive ignition systems
are distinetly different from those of electrical mechinery and various
swltching devices. In fact, experienced interference technicilans can
recognize the various sources by listening to only 1/1000 of the spectrum.
The different radiating sources could be identified much more easily

through the use of panoramic receivers and displays.

DIATHERMY EQUIPMENT

At least one type of electrical equipment appears to produce more
radiation at high frequencies. Figures 28 and 29 show the conducted and
radiated interference(l7) from a Raytheon Mlcrowsve Diathermy Generator.
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AIRCRAFT INTERFERENCE AND REDUCTION
The amblent noise levels within the plane determine whether equipment

spectrun gignatures can be detected at reasonable ranges from an aircraft.
Figures 30 and 31 show typical interference levels within USAF aircraft.(la)
These levels appear to range from 20 to over 60 microvolis per kilocycle
bandwidth for radiated and conducted interference over the frequency range
from 14 ke to 100 mec. It is worth noting that these interference levels
do not increase with decreasing frequency. This is encouraging from the
detection viewpoint, because many of the equipment signatures are stronger
at the lower frequencies,

Figure 32 illustrates the effect of various suppression devic:cafs.(l9 )
Filters are seen to be especially useful below 2-1/2 me. They fail at the
higher frequencles because the distributed reactances tend to negate the
filtering effect.

Thus it appears that the noise levels in airplenes are not unusually
severe, and that they cen be reduced for desired frequency ranges by
normal suppression techniques. It has been estimated* that the apmbient

noise level can be reduced to about five microvolts over the useful specs

trum. This level is near the operating receiver sensitivities.

5
Private commmunication with Mr. Fred J. Nichols, President, Genistron
Division, Genisco, Inc., 2233 Federal Ave., Los Angeles 64, California
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In summary, many electrical eguipments such as rectifiers, welders,
power lines, switching devices, ignition systems, eleciric motors, and
fluorescent lights radiate sufficiently to be detected at distances from
a few bundred feet to a few miles, Many signal levels taken a few feet
to a few hundred feet from the source, for positive identification, are on
the order of a few hundred microvolts per meter per kilocycle (uv/m-ke).
The signatures are guite distinct, and the differences are easily explained.
Aubient levels in present aircraft are of the order of %0 pv/m~ke, but
could be reduced to approximately 10 uv/m-kc with careful shielding and |

filtering.
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The fact that very little interference work had been done in the very-
very-low-frequency (VVLF) poriion of the spectrum, that a significant
amount of energy might be radiated by some eguipments at VVLF, and that
these frequencies propagate relatively well through the ground led to an
increased interest in the 30 to 15,000-cps range. The Stoddart Aireraft
Radio Company was also interested in possible new applications for their

(22) and therefore offered the services of one

VVLF receiver, the NM-4OA,
of their interference vans (Figs. 33 and 34) and an engineer to mske some
measurements on a limited basis.

Accordingly, arrangements were made with the Douglas Alrcraft Company
to meagure the spectrum signatures of some of their industrial egquipmentis,
The MM-4OA receiver and power supply were carried on the floor of the van,
and a standard remote 30ein.-loop antenna was used. Measurements on indi-
vidual equipments were made with the antenna located 10 to 20 ft from the
source for positive identification. Ambient levels were checked to be
sure that neither the van nor local noise was interfering with the readings.
The results are shown in Figs. 35-44.

Figure 35 is included for orientation. It was convenient to recoxrd
frequency from right to ;gzi, as shown in the upper graph. Two ambient
runs were made outside the induction heater builéiﬁg, as shown in the

lover greph. The peak at 750 cps may have been due to radiation from the

motorgenerator in the van. Subseguent runs were made using local pover,
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Fig. 33 —Field intensity van




Fig.34 — Receivers covering |4kc to 1000 mc
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Figures 36a, 36b, and 36¢c show the very distinct and unique VVLF
signatures of this particular spark-gap induction heater. Apparently
the sparking occurred at a general frequency of 350 c¢ps, and as the band-
width was narrowed individual frequencies appeared in sharp detail. The
harmonics of 350 cps (Fig. 36a) are probably characteristic of all Lepel
spark-gap heaters, but the fine-structure frequencies (Figs. 36b and 36¢)
may be due to the anode wearing or to other individual characteristics.

In order to measure a spot welder a slightly different technique was
reguired, since the eguipment was turned on only for a fraction of a
second. We chose to measure the output at different frequencies under
repetitive operations, as shown in Fig. 37a. The result was as pure a
representation of the frequency spectrum of short bursts of 60-cps pulses
as could be desired. (Compare Fig. 37a with Fig. 5.) |

We also measured a glant among electrical devices: a 300-kva flash
welder (Fig. 37b). However, for all the noise, sparks, and power its
spectrum was relatively uninteresting. It amounted to high-level noise
(80-db attenuation) across the VVLF band, which in fact means that the
signsl decreases with increasing fregquency because of the loop sensitivity

characteristics.
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Figure 38 shows the VVLF signature of a heliarc welder. Heldarc
welders exhibit radiation over the whole spectrum, as shown below in Fig.
L, There seems to be a characteristic peak at 300 cps, and the structure
in Fig. 38b may be a signature of this particular welder.

Figure 41 presents a power rectifier signature. This rectifier was
used o supply d.c. power to the large anodizing baths. The two out-
stending characteristics are its regular harmonics of 60 cps and the
distinct nulls at 180, 540, 900, 1260, 1680, 1980 ... cps, or the 3rd, 9th,
15th, 21lst, 27th, 33rd ... 3(2n-1) harmonic., It is interesting to note
that this sequence corresponds to the sequence of harmonics of symmetrical
three-phase systems.(23)

The ambient levels at this location (shown in Fig. 40a) are quite
different. They were apparently the unbalanced characteristic of three-
phase power ~-- the odd harmonics of 60 cps. At this same location were
two standby d.c. generators. Under no-load operation thelr signature up
to 500 cps was appsrently mostly ambient, but at the higher frequencies
there was some irregular radiation. However, under full load the radiation
level was 30 db stronger at harmonics of what was apparently the product of

the number of slots and the revolutions per second.
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Figure 41 shows the results of measurements taken at a site which was
about one-half mile from the center of the Douglas c@m@lex.* Eere the 750~-cps
radiation of Fig. 35 1s apparently at least 20 cps wide, since its strength
diminished from 9000 microvolts per meter to perhaps 1500 in parrowing the
bandwidth to 8 cps. We were unable to determine the reason for the structure
around 180 and 60 cps, although it may be due to the d.c. generators of
Fig. 40c,

Figure 42 presents the measurements taken at a one-mile site. The
750-cps signal here ranges from 500 to 1200 microvolts per meter. Ve may
have been receiving some local power-line radiatioms.

Figure 43 shows the typical ambient levels measured at the one-hali-
mile and one-mile sites. The peaks were easily recognized on the earphones
as spot welders, and the average level was due to the hellarcs, The
degradation in average field between the two sites was approximately 10 db.
Although the VVLF signals from Douglas were about 30 db above the receiver
noise level at the one~mile location, they were only 10 db or less above
the ambient, so far as we could determine, There was little use, therefore,
in trying measurements at more distant locatioms.

Figure 44 shows a relatively complete heliarc welder signature from
1% ke to 400 mc. There sppears to be a gradually increasing signal level
in the VLF range, with irregular (local) radiation over the rest of the
spectrum. When measurements are made at distances of a few miles, only
the r-f sustainer fregquencies of 2.6 to 3.0 mc propagate strongly, as

shown above in Fig. 7.

*
The precise location was the Compass Rose at the Douglas side of the
Santa Monica Airport.




Y

REEUANRTRE A

5t LAY

1

Ll

—

777/

L Ee ST

INARINAN
NIEsEEE

/

ATAVERRY

i

1]

ST
"

E.S.

Bt g

It

ek}

£

TFEFFTF

LA T

e

e ‘\T\R:"r _
Mo E

5
EEDE

\

=S

B

v

S R

A

Fﬁ

7
74

[

A TR

BANB W

i

MACK IR U.8. A, THE ESTERLINE-ANGUS CO., INC., DI

=

GILiHE

3

|

SEERNNCEARNEE

T 7]

-

AESERTE

\BZZTER\ N

AT

ot

}

RV

VAR

HTTTIE

R
i

NSRRI

ERREPAAEREE Y

|

i 2di s £ 0

L f 7t 111

==
==

T B n .
P - R B
. (R PR
Ry — -
PR g s

R

ALY

i

\ 1*'@;&\ [RREN

al

¥

VA

R JINaN

/"

-

1

B
L Wy
)
I i
. A=
i

o
e
o o e

i
1

=

i3

f

LS aew N
h'j\

G
AN

i
i

7
/

EemEET e
) S S SR L WO W ¥ 1
I\||ll‘ﬂj

e R T
Shgm=ss-e

=

M u.8.A  THE ESTERLINE-ANGUS CO., INC., (NDIANAPCLY

Ea=s
’i" —¥
<I

MADE o

e

:

R S e 1 y——al
.. - 7 ) 1771
I N S - .

Sy o . Y 5

o J

A1
et o S 1 P
- = T e s i L e e
}ffzzz* A
~Fal- =¥

R

=
\ S
T

Eiss

A

e

SRSRIATANARE RN

AR

i

)

!
T

AR

BB

o

3Ty RanRRiG !

Vi

i

£

7,

<
/

==gas

TF

s

]

| /2 -mi range

]

20

ERENREEEERAR e

EER B

EERRNRRERANNS,

- i

v

D2 1820 48/ 200

oy | LebpollE ]

S ¥

SoEE

"
SENe e

1=

ESEECas

]

I

s

e 174
AL e

Y

D

—
Ly

e

W s Wi voulh -
W T

1 i — — Y
|V YU O Y

X
==

he
"
3
"
T
1
T

¢
D e v i i s v v
X \\\\\
LAY
T e e o
,‘33;1\:*1:%:\,,\:‘;1
i WS U S § B D WU S
i S S i o
———*
1 L
) S 1 T

-k

Fig.41 — VVLF measurements at

7
iy o s
Y A g
7 .1

171
) ) o & s S s 4 1
> m— 1
1. y
. |

.u.s.A  CHART NO, 4305C

T =

=

R

1Y

9

; ;
N VO W ¥
T e

TR e

THE ESTERLINE-ANGUS CO.. INC., iNDIANAPOLIS, IND.

NI

e




i

" wolz-Ry

mmm

St
vam&.mmmm& o
P e

%@%‘%@%@ = e %’"‘5 worE B e e mmié%
m‘@?ﬁm‘%m@?@% % = “‘“‘“T“‘" T

. %%%mmm@%mmm
“‘“Eff”‘;%aﬁ.‘;ﬁa&a@%% diduhascsRalasRlEs

4
*

%g@@%%g@%@%@%@g aﬁ%ﬁﬁﬁ %ﬁ‘““ﬁ“
wﬁgﬁﬁﬁﬁmﬁmﬁﬁgﬁﬁ iAEENDERE R
“‘;@@@%M&g@ﬁﬁ% @g 45 Wi
%ﬁﬁﬁ;ﬁ% ;

ﬂi RERRTEE e
REATE @%&%@%&.@“Wéﬁw”%ﬁﬁéﬁ"“

%&9’&%% ae @%ﬁ?ﬁ St
vl il %i .

Dinens ﬁ&!& :
i L
gﬁgﬁg@&gﬁ?ﬁgﬁﬁﬁ%ﬁéﬁﬁﬁﬁi

Fig. 42 —VVLF measurements at |-mi range




8.4 CHMART NO. 4305.C

ANAPOLS, INO., U.

THE ESTERLINE-ANGUS CO., INC., won

A

!
%ZJ

N MIAE T

A

X,
X

kY

X

D RWISINC

N\ MM XA WRE B

SRR M RN
RURERREL VRN

T RREEE L NN

BT PINE T r e

S a2rE
:
l

A

'y X
A
vy X

A4

\

v
A

TR DAL Ve

ERNE A N i

ST

1
i

sEEUaNliaE

TR ]

e eV BT
S

éiﬁﬁiff‘

Sl nmding,

T T

S\
T N
LEslaes e

N =
EEERNEsRT L

PR

et EIR

7

FERSEaEE
ESSSSEEREE

- 1 }
T
|

L o e e e i S
—~=

=+
~7

ey A

IERES

1
EEEAnES

1 ek

Sl ERREaS

[

|

7

1

-
i
7

38
I
}
;
EEssEiEsens I ssosth

G I 77T,

>

1B N -
AR

T

va
7

ik Rl S A

waroLIS, IND., U. 8. 4. CHART NO. 4305.C

THE ESTERLINE-ANGUS CO., INC., inoias

BNE\ ML\ LOEATION. \

b ' E.S
e et
BTN

SATERRERRR

RS
=

o

N
I\ AT

TN TS

X

R R A e f\

EHREE R iEAREE e

L PRI TN S

SERRANE

TR T T T A Y

A RARSLIRMRARRANRRR Rt ae e

ST

3

i

F

1
dob i
FAd

[SvsusuetuaweE

-t
LA1TTT
(1
T
T
e
T
q cangj Jios!
] SR easl
o
Lt
HE
Jt
|
|

v

\

L L R R L

E§E
1

,,%’:i:#:

i
o i S

T

T —
e

E|

1

1

i e
T+

e

;f:,ffj .‘,7 il o4

T T ] T

. S A
,7:?73:"‘4 i ,’// /

Lty

‘ *I} V/f =
77

,f,

2t i
B8 i

sof
R

—
il

(b)

Fig.43 — Broadband VVLF measurements



;7 j?"’, 2

J

Y
AN
ERANRCINE
! v\‘L\\\“\-}X\\'k\’
(b ERLY
SE e
T ]
L
e b
A

!

EERIRER 7R
Pas 1%&41 Ly

AT

|

[FEEEEE

Tor EBTERLINE-ANGUS Gur i

B P

N

VR '

A

37}

X

Mbok 0.0, n THE ESTERLING-ANGUS GO, I

\\;:\\'\,\’{‘ o

isnl

]

i 4

\@

| SENATORE

S e R Fh A
, - e ST & o
» Oy Aieiste W 13
[ g 501 L
L | p Bul Ly
e . R
I M

#
|

\ X

‘\y ‘

A
§
'

i

VER\ZEEL

 HEL e, WEL

4
Y ETNE ST

(a)
A

FERLINE-ANGYS CO., INS.. INDINARGLLS, INO., i, 9. &,

T HE LA W

VAT

//‘&ff’ "/'“?ﬁ
PER, |
T
1

L\ W e\ RETE)
i

AL

\

By

7

«\‘ X \’"
i
Y
\
1
4

\

X
A

=SESS IR

R

5
By T
Ntes

O
2sh

A

Sy
NS
\
\\
‘\ \

\

TEEEER AN

\
sody oy
|

S
5

|

Y

\rﬁ

|

SRR

i\ \
LéoA
\

?
$ A
£ g \\H\\
© g
e i S
e : et
~ : AT
2 H -
& § T
/.L H g
ﬂ.\ﬂ!a . o
N

INES

ekl LA

O
=
O
@)
4
2
O
>
S

[72]
Q
o
3
-
O
c
o
w
S
(b
©
Q
2
&
| -
O
QO
£

Fig.44



RM-2764

IV. CONCLUSIONS

Some easily detectable devices are spot, heliare, and flash welders,
power rectifiers, power lines, switching devices, ignition systems,
electric motors, fluorescent lights, induction heaters, and diathermy
equipment. These signals can be detected at ranges up to a few miles.
The signatures are distinet and the differences are easily explained.
Interference levels in typical aircraft are moderate and can be reduced
to good receiver sensitivity levels with careful shielding and filtering.

Very few measurements have been made in the VVLF portion of the
spectrum. Frequencies up to 2000 or 3000 cps propagate sufficiently well
through the ground to make the detection of certain eguipments possible
at depths of over 1000 ft.

VVLF spectrum signabtures were measured for éa induction heater, for
spot, hellarc, and flash welders, for a germanium power rectifier, for
pover lines, and for a d.c, generator. The signals up to 2000 to 3000 cps
vere strong and distinct, and the differences are easily explained.

In addition to interference considerations, eguipment spectrum signatures
could be used to determine the nature and extent of electrical activity at
a particular location, and as an aid in implementing peacetime inspection
agreements, Detaliled analyses of electromagnetic radiation characteristics
could be used in equipment design and testing.

It would be desirable to develop a catalog of equipment signatures
from various complex activities such as farms, cities, industrial areas,
and other installations., It is hoped that this memorandum will be a

contribution to such an effort.
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