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Abstract:

An instrument for measuring, the potential gradient' of the earth's electric field, the generating
voltmeter, is described arid its frequency response and sensitivity characteristics are determined. Lack
of sufficient sensitivity of the generating voltmeter for the desired purposes dictated the use of an
antenna as a means of detecting the signal. Series LC circuits having the resonance peak below 100 cps
are applied to the antenna signal in order to attenuate the frequencies above 100 cps. The presence in
the electric field of frequencies below 100 cps is established but these low frequencies are found to be
relatively rare compared to the higher frequencies.
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ABSTRACT

4An instrument for measurlng_the potentzal gradient of the earth's
electric fleld, the generatlng voltmeter, is descrlbed and its fre-
quency response and sensitivity characterlstics are determined. Lack
of sufflclent sen51t1v1ty of the generatzng voltmeter for the desired
purposes dictated the use of an antenna as a means of detecting the
szgnalo Series LC circuits. hav1ng the resonance peak below 100 cps
are applled to the antenna signael in order to attenuate the fre-
quencles above 100 CPSe The presence in the electric fzeld of fre=-
quencles below 100 cps is establlshed but these low frequencles are
found to be relatlvely rere. compared to the higher frequencieso
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DETECTION AND MEASUREMENT OF LOW FREQUENCY VARIATIONS
' OF THE ATMOSPHERIC POTENTTAL GRADIENT

HISTORICAL BACKGROUND

The year 175Q marked the bgginning.of tpg developmept of our
present day knowledge of atmospheric electricity. Four men of
P@i;agelphigs.ﬁpanklin, Kinnerslqy, Hopkinson, gnd Siqg, gqurimentgd
Wiﬁh eLegt:ic;ty anq their d;scqveries becgme the bgsis for yhe F:anko
linien Theoiy¢ The discovery of the effect of pointed bodies of
"drawing off and in throwing qff,thg electrical fire" can be said to
pe thé bgginping of ybe g;eét amount .of WOrg which was to bq ddqe ih
th; fielq of atm§Spperic e;gctric;tyo

In 1752 Dalibgrq gucqgedgq in ngwing sparkg from a 49 foot
'Ye:ticql rod as a resulf of phe §uggest;oqs made by Franklin to a
London merchant, ColLiQ§onﬂ In the same year Franklin performed his
fgmogs kite experiment.

About 1766_D DeSqussu;e deyg;qped the first, or qt lgggt One of
phe fi;St,_é;eqt;dmetqys and wepp on.to develép the ﬂpob;;e cqnductorf
method of measuring the electric field in which a conductor attached o
an electrometer was suddenly raised a meter or more from the earthe
w 1860 Lord Kelvin hed presented such comprehensive i.ntelfﬁ%-
tations of the known facts relating to the electric field, that a new -
interesﬁ and activity was sﬁimu;ated. Lord Kelvin was also regponsibLe
for the beginniné of continuous registration of air potential at Kew

Observatqry;
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With the development qf the idea of ions in gases by Jo Je
Thomsqn and his gssqqiates,_a general piqtqre Wgs‘developed by'E;ste;?
anq Geitel and the mpdern epoch can be said to have begun aboup the
turn of the 20th Century.

Numerous measurements of the electric field undertaken by the
Cgrnegie Ipstitutiop of Washingtqg.during the years 19Q9»;929 §nq made
Quring cfuises of the magnetic-survey yﬁ@h? Ca;négie, shqwgd that the
electric field spgqquh is fairly constant over the cceans and has a
Yalue of about 130 volts per meter. Measurements of the field at land
g?gtions, tggeg over a period of many years, show that the value of‘the
glect;ic field varies éongidgrably with location. These'fielq value
averages vary from less than 100 volts per meter at some locations 1o
better than 300 volts per meter at some other locations. The field has
irrégu;ar short period variations of iﬁs vglqe as well as hourly,
gegsona;,'ahd yearly variations. In the long rum, however, the field
shows no increase or decrease bqt :éthgy varies about a mean vaquo

Frequency phenqmega of . the potentia;,g;aQient have been igves{;f
gated by several men. The first measurements were made By C. Ts Ro
Wilson (;5).whi;e invéstiggting thunderstorms. Later the cathode-ray
oscilloscope was utilized by Norinder (lo),and by Appletdn and Chgpmap
(1) in investigations of nearby lightning discharges and by Appleton,
Watt, and Herd (2) for distant discharges. Whipple and Serase (?h)

also made measurements using a sharp discharge po%nte
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None of these investigators ind;cafed thg presence of sub-audio °
?“d ;ow agdio fpgquencies but Khastgir and Roy (7) stated thqt atmqgf
'pherics below ;QO cps did not oceur although they nggledted to say tht
reasons they hgq for. this gtatqment. Since apparently no investigations
wefe direqtéd primgpily to the dete@tiog qf ;qw f:equepcy gpenqméng.
it was decided to direct the main effort to the detection of possible

frequencies below LOO CpsSe
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THE GENERATING VOLTMETER

The radioactive collector (6) is the most commonly used method of
measuring the atmospheric potential gradient and consists of a short
metal rod or a small metal disk coated with a radioactive material which
brings the collector to the potential of the air. Because the radio-
active collector presents a serious problem of maintaining good insula-
tion, is affected adversely by moisture conditions, and furthermore has
poor response to rapid variations of the electric field, this means of
measurement was deemed unsatisfactory.

After some deliberation, the generating voltmeter (6, 8, 13) was
selected as being best suited to the type of measurements desired. The
instrument constructed was patterned chiefly after one described by
W. H. Macky (8).

The generating voltmeter is a refined version of the test plate
method first described by C. T. R. Wilson (15) It consisted of a
plate which was alternately exposed to and shielded from the electric
field by means of a grounded rotating vane.

The equivalent electrical circuit of the generating voltmeter is

that shown in Figure 1.

Figure I - The equivalent electrical cir-
cuit of the generating voltmeter.
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_ The capacity C of the system is.composed of two parits, a constant
component Co-and a periodic component le(t)9 where Cl is the magnitqde
of the yg?igble capacity and £(t) is some function describing the
'manner in Whi@h Phe vgriablg compqnegt Qf the qapacity vgriega The
;nStantaqeoqs capacity of the system is thus represented by the eX=
'p;qssion
Cs Co+CpE(t)e
Wr;ting the sum qf the vo;tage drops arqund‘the cirquit produces the
exp;esgidp
T+iR = 0
$ubstituting terms gives
m + iRz 0
and by differentiating and rqarrqnging terms thg d;fferential gqgation

ai

11 1+ROIENE) 4 . o
i

is obta;qedo The solution of this diffenentiél,eqqation is

+

) 1= ‘F(t).-’%-k
Wheré the coqgtant k is knowq as a consequence of the initial cond;—
tion that i = O when t = O,
The .voltage Ej, developed across ?he load R is then given by
EL = iR :‘RF(t>4‘K
where K‘g gqo /
However, the;g are updoubtedly other vo;tqggs which are induced

in the instrument. One of these is probably induced by the potentials
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agd.fluctuations Qf pqtentia; presént in the motor circuits Another
of the voltages induced ip the instrument may be due to a frictional
charge gathered by the collector plates as a consequence of the air
flowing across them. If this is true, then it might be suspected that
the pqteptial due to this frictioqal charge would be a copstant quanf'
tity with a ripple effect superimposed on it because of the movement
of the rotating grounded shielding veane. Although this ripple
cqmpqqent is q#d@qbfedly present, it is doubtful if its magnitude is
;qrgQ‘endugh_to have any effect. The voltages induqéq in the instru-
ment'qs a result of these effects g@d fq the potential,induced by an
electric f}gld of one polarity and subtract from phat induced by a
field qf opposite po;aritya Thus the response qf the generating vo;tn
'mete;-is'nét the same for both.pqsitive and negative electric fieldg&
The'pumgripal value of the.potentiq% developed by these effects
can be detqrmiﬁqd experimentally with the aid of the calibration curves
§pown in Figure 3 on pégelg ° Wwiting the equatiops of %the stpaighﬁ
pqrtions of the two qalibpatiqn curves as

Ey
E2

mé, +B

gnd pemembering that & = -gz qnd add;qg the two eqqatiqnq gives
AE slm|+ [zo] = lal+]8

The sum of the induced voltages'Ei_developed_beqang of extraneous

g{fecfs is then | |

E; = al + Bl
iom oA E
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The cqrvgd portion of thg two calibratiqh curves is probably thg
region where the.extraneous poteqtia;s mentiqned gbove begin to take
effect as the value of the electric field is reduced and finally domi -
nate tﬁe siénai gs the figld value approaches zero. The fact that the
voltage Ei ig less than the vqltage Eg indiqueq on thg graph fop a
zero external field indicgtgs tgat eifher_the egxraneous pqténtigls
mentioned above do not include all t@e.pqgsibi;ities or the solution
of the differentiai equation has a comgqnent reSpqnsible for th;s
différence between Bg and Ej.

The potential developeq across the load was examineq by means o;
a ‘suitable meter and an oscilloscope.

The collector plates of the instrument consisted of the two
opposité quadrgnts q£ a circu;gr syéet of aluminum having a radius qf
eight centimeters. These pWO quadrantslhad a bgnana plug attgched
to each one and were plugge@ into receptacles which were mounted in
@nsulatqrs of hard rubber. Tﬁig made it possiblg to remove the
qollegtbr p;apes quiqkly and—easily.at any timeo The two quadrapts
were joined glgctriqallyo The rotor waslalgq fq;m@d of the opposite
quadrantg of a c;pqu;ap p;eqe of aluminum bgt thQSe were joiqed gt thg
center. The rotor was mounted gt'the top of a vqrtiqgl shéft whi@h
operated in two sets of bal; bga;ings set in a bqshingo The shaft was
rotated'gt épppq;imate;y 27 rps by means of a sma;l ;% volt Qirect
current mqpqp gnq was coupleq to the motor by means of a p;ecg of

rubber tubing. The modest current requirements of Ooly emperes for the
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motqr insured a miqimqm of trqub%g in supp;y by means of‘a storage
patteryo All of these'parts were mounted by means of appropriate
bﬁaquts inside a me;al boxo The tqp qf the qu was cut back 0.5
qent;meters a;; around the two stator plates. Powe; and signa; leads
were brought out qf the qu by means of plug and socket arrapgements.

?he signal from the generating vqlpggter was app%ied to a Geng:a;
Redio Company Sound Level Meter Type 759 Im addition to the indicat-
ing metg? cqntaipgq“in this insj:umgnt? yhe amplified signal was also
ayailaple at an output jack for application to an qscilloscope.

In order to make qu?dgd: measurements with phe ingtrument, the
box was buried in the ground so that the fop of the instrument was
flush with the surface of.thgvegrth. A ;argq aluminum sheet, cut out
" so that it fits eround the instrument, was placed on the surface of
' the ground in the manner shown in Figure 2a. For calibration of the
instrument, a wooden rack was placed over the instrument and another
sheet of aluminum was placed over the top of the rack as shown in
Figure 2b. The distance between the two sheets was 40 centimeters.
Various voltages were g@p;igd ad:qsg the p}ateé and the outpgt of
the ggngratiqg ybltmetgr was read from the sound ;eve; meter for each
voltage'gppli¢do The magnitude of the Ql@ctric field between the
plates was easily computed by dividing the voltage applied to the
'platéq'by the distance separating them. The value of the electric
field is Sxpressed im units of volts per centimeter or in volis per

meter. & typical calibration curve is shown in Figure Je
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Figure 2a - The generating voltmeter in
operating position.

Figure 2b - Method of calibration of the
generating voltmeter.
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J- Negative Field
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Field Strength & (volts per meter)

Figure 3 - Calibration curves of the generating voltmeter for
positive and negative Tfields.
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Since the quantity of charge developed on the plates of the gener-
ating voltmeter is proportional to the capacity of the instrument, a
graph of the capacity of the system as a function of the displacement
of the rotor should be an indication of the anticipated wave form of
the output of the instrument. The capacity was measured by means of
a General Radio Company Impedance Bridge Type 650-A and the results

are plotted in Figure 4» The angle of zero displacement was taken with

Sine Wave

Rotor Displacement (degrees)

Figure 4 - The capacity of the gener-

ating voltmeter versus the angular dis-

placement of the rotor.
the collector plates uncovered by the rotor. At 90° the stator was
completely covered and at 180° the stator was uncovered again. The
capacity was measured every 30° of angular displacement. As a means

of comparison, a sine wave is shown in Figure 4 drawn to the same

scale. The actual wave from the instrument is shown in Figure 5»



Actual Wave Form

Wave Form of Figure 4

Figure 5 - The actual wave form of the output of the
generating voltmeter compared with the wave form
shown in Figure 4»

This was obtained by drawing on squared paper the wave form viewed on
the oscilloscope screen. The capacity wave of Figure 4 Is also shown

in Figure 5 for comparison.
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EREQUENCY‘RE§PONSE AND SENSITIVITY
Eop determingtion of fgeqqency response, & square wave is per=
haps the most desirable since passage of harmonics up to the tenth

are required for the production of a good square wave. However, since

a satisfactory square wave source was not aveilable for outdoor use,

;t was deci@eq tq use a gawﬁooth wave which Wgs.readily obtaingd from
the sweep qutput qf an oscilloscquo Thg source used for the saw-
toqth wave was & Du~Mont fypé ?74 osq;lloscopen
By:visual cqnpq;isqn (on.énother osci};ogcqpe) of thg gawtooth

wgvg with the gine wave output of a calib:ateq oscillatorg the fpea
quency qf thg sawtqoth source Wag Qgpermineq in terms qf the settings
of the sweep frequency controls. Several determinations of this kind
over a pgriqd of sgvgrg; Qays shqwed that ﬁhe frequency qontrol sett-
ings werg gSgential%y constapt over a considerable period qf time.

A Ballantine Electronic Voltmeter Nodel 392 was then c&}ibra%ed
ip‘tgpms of the peek %o peak amplitgde of the sawtooth wave at fre-
quencies qf 45, 1020, and 4500 cps. A graph of the volimeter read-
ingg versus the sawtooth amplitude at these three fpequencies showed
thgt the three curves had essentially the same s;opeo The sawtqoth
ampli?ude_ygs determined on a Tektronix Cathode-Ray Qscilloscopg Type
5;2;by‘m9ans of the interngl voltage calibrator. The average of the
three sets of data taken at the above mentioned frequencies is shown

in Téble'I and is plotted in Figure 6o The slope of this curve was




determineq to be

£, SKWTOOTH VOLTAGE = 100 =0 . = 3.38,
A VETER ‘READING ~—~  2§.6- )

. Thus to obtaln the amplltude of the sawtooth wave, 1t was only

geqe#séry to mqltip;y the voltmeter readirg by the figure 33389

TABLE I ~ Amplitude of the sawtooth wave as &
functlon of the voltmeter readingo

—r—

Sawtooth  Voltmeter reading at Meéan
Amplitude (volts) g (volts)
(volts) 45 eps 1020 cps 4500 eps
100 29 30 29.8 2906
82 2l 26 2le5 2.8
65 18.8 20.2 19.8. 19.6
53 15 16 155 15:5
3% 0 10 10 10
I bl heb LS hed
9"5 %o? 2.8 2o 9 2.8
o9 1o4 145 1ol l.42
Lol 0o31 0433 0.3 0.31

To determine tpe frequency response of the generating voltmeter,
the sawtooth was applied to the calibration plates and the outpub of
the instrument was amplified with the soug@ level meter. The output
’9f'§he amplifier was examined on thé sereen of the osci;lqscope$ The
éawpooth wgg‘reaQi;y detec;ed from the ;qwest available frequency of
1esslthan 8 eps tq a fpgquency qf lo,kqe Because the sawtooth wave
form, at a freq@ggcy of 10 ke, degenerates into a wave form resemb-
ling a’'sine wave, the harmonics igvo}ygd in the composition of the
sawiooth became négligib;e and the upper ;imiy of frequency response
of the generatiﬁg voltmépef was 10 ke. Sinee the insﬁ;umént also

detected steady fields, the frequency range of the instrument was




Peak to Peak Amplitude of the Sawtooth (Volts)

100 -r

Voltmeter Reading (volts)

Figure 6 - The amplitude of the sawtooth as a
function of the voltmeter reading.
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said t0 be from zero frequency'to lQ‘kqo At a frqqugncy of ;Q ke,
the detection of the signal cut off quite sparp;yo
To dgterming the sgnsitivity, the magqitude'of thg §qwtoqth‘was
reduced until the signal could be barely ,detected on the oscilloscope
sbrgeqs The minimum voltages dgtgctéd and the coﬁ;es;qqd;ng electric
field strepgtﬁé are shown iﬁ Table IIs |

TABLE II - Sensitivity of the generating volt-
metEre. ' T ) '

o Voltmeter Sawtooth Field
Frequency ‘reading amplitude strengthe &
(volis) (volts) (vqlﬁS/meygr)

45 cps  1e2  4el8' 1045
1020 4 1085 6_0‘2_5 15 05.

4500 0 Le35 456 Lok
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THE BATTERY Q?ER$TED OSC;LQQSQQPE

In the ear;y‘stages of the invgstigations, the desira@ility of
having a battery opepatgd qscilloscope becgme evidenfe P:evious;y an
pséilloscqu haq bgen opergteq from a gasoline opepated motoregene;w
ator set but'elgctrical radiation from this apparatus was so serious
that ;éadiggq taken with jhe'genepating voltmeter were usélesso Some
thogght was giyen to bu;;digg up an oggi;lqscope bup an extenaijg
amount of design is necessary to provide proper frgquenqy fegpogse ig
the ampiifietso For this ;easén the qqgvérsiqn of a standard modé;
was deémgd'more satisfactory. The high ‘gain of the vertical gmpl;f
figr of the DuLMbnt Type 168 five ingh osqil;oscqpe dictated tbe
selection of this instrument and measurements of the_current.nequirew.
mentg were madgo These current rgqui@ements were smal% enough to bg
readily supplied by rggq;ar B ba_.‘l:..'t;:e:c':i.'es.T Two batte;y packs were
formed from regular radiq type B batperigs, one of 350 volts and one
of 1125 volts. Filaments of phe tubes were readily supplied from
phree gutomobile type stoyage batteries. One battery supplied the
égthode%rgy tube t{hrough a droppigg resistor to ﬁ:qvida the required
2.5 volts., The horizontal and vertical amplifier filaments were
gpe:ated frqm anpther batteryg & separate battery sqpplied the fila-
ment of the sweep generétop tube throughlg drqpping :esistqr since it
was found thqt this tube would not operaté from the same supply with
the emplifier tubess The bagtqpy opgrated‘os¢illoSque has prqved to

be highly gatisféqu:yo
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OUTDOOR. MEASUREMENT'S WITH THE GENERATING VOLTMETER

To eliminate interfepenqe Wiph the mggsurements by 60 cycle
radiation from power lines, it was necessgary to select a site of
operatioqg as distant from power lines as could be reached conven=
ientlys qu this reason, all bqt twq or three sets Qf oupdqqr
mgasurgmegys were yaken in qu;ite ngyon; at first in a m§§dow'ay
Langohr Cgmpgroqu énd latgr in a ;a:ggr anq more seq;uQed meadow
seve:gl miles further up the canyon. The first qu or th;ee attgmpts
at meagurement of the electric fie;q were not reliable since they
wgrg’devqted chiefly to becoming acguainted with the instpumgqﬁo

The first queworthy fact that was obsgpveq wag the presence
of a ngmbgr of. short pe:iqd pu;ses in the gignaio These pulses corre-
lated well with simi;qr pq;sgg Qbserved by Ao 39:J§rdgn while takipg
mgasu;ements qf the magnetid fie;d with a large coil. waever; a
‘greater number of pulses were observed by Ao B@,Jordan and it was
‘apparent that only the strongest pulses were observea with the gener-
ating voltmeters

At this time the signal lead was igcreaséd to a length of about
15 meters énd the soqnd level meter.was removed %o this distance in
o;der to reduqe the d;sto:ting effect of near bodigs on the qlectriq
field. After this the pulses were reduced both in méggitude end fre-
quency qf oécufrenceo

Some £§sts were then made using several different circuit con-
figurgtions. With the rotbr left stationapy, the zero level was be-

low 2) db on the indicatipg meter of the sound level meter but pulses
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were present which were as high as 40 db. The rotor was then
grounded to the case of the generating voltmeter and it was noted
that the zero level and pulse meter readings then averaged 20 db
higher.

The reason for this is readily seen by examining the circuit in

Figure 7» The equivalent circuit shown in the same figure better

O WO
~-Signal Lead

-4l Z
Amplifier -EAF o

jL e

Generating Voltmeter

@

Signal Lead

Shield
Earth
()

Figure 7 - (@) Circuit initially used in measurements with
the generating voltmeter, (b) the equivalent circuit.

illustrates the situation. As shown in the figure, Cv represents
the capacity of the generating voltmeter and Ce is the distributed

capacity-to-ground of the signal lead. When the stator was grounded.
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the capacity Cy was removed from the cipcuit and so reduced the
atteguapion of any signal wh;ch entered the system. The syste@ was
thas basical;y the same as thgp used by Wo B» Ea:rgnd (4)';n hig
igvéstigatiogs of ear?h potentials. From these facts it must be
assumed that the pulses observed up to this time were actually only
cauged by g;qupd currents qf high amp;itudeo |

In order to eliminate any effects due t0 g;qund currents, the
amplif;er was retqrnea'to a position one meter from the ggngrétipg
volimeter agd was sqpplie@ th;ong short; unshielded leads. This
made it pq;sible to operate With qnly one ground point in the system
and also eliminated possible attenuation of the signal by the cable.
When necessary, the output of the gmplifier was applieq 10 the o8-
cil;oseope thrqggh a long shie;@ed lgadf .

With the amplifier returned to a pqsition near to the generating
volimeter, it was seen that pulses were sti%l present, although
thesg pulses were of lower magnitude and did not occeur as frequently
as befgreo These variations in the field were of several different
kinds. Some were of relatively low magnitude and of regular occurr-
ence, while othgr; were of quite high magnitude but ssemed to occur
ig a comp;etely random manner.

The first type were present in the wa@e form as small varia-
tions which modified the smooth wave form. These were at first
thqqght to bg due to e;gg;pica; ﬁqise in the motor circuit which was

being picked up in the signal leads For this reason, a heavy iron
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case was placed around the motor @b serve as a magnetic and electro-
s?atic shielqoh Operatibn of the generating vb}tmeter with this
shield in place did not reduce the distortion of the wave, but rather
c§us§d it to become much grgatepo Apparently the presence of the
shield caused mechanical vibrations in the rotor and its drive systqm{'
For this reason the ahielq was dispensed witho Later, a cq;lar
tapered in such a menner &s to stgady the upper ball begring was’
gddgd to the instrument, and this somewhat reduced the small varia-
tions of the wave form. Furthermore, the fact that these variatiqng
were of constant magnitude and disappeared from the trace at the
tiﬁes when the gtmogpheriq figld was high or when a field of about
200 volts per meter or higher was applied to the calibrating plates,
inqicgte that these vapiations were noise dué to mechanical vib;am
tions in the instrument. These facts, in addition to the lack of
sensitivity qf the generating voltmeter, indicate that this instrq=
ment was not well suited to the type qf measurements undertakeno
The genefating voltmeter is, howgverq ideally suited to the measure-
ment of high magnitude eleptpic fields and shou;d be capable qf
measuring fields up to the breakdown potential.

The high megnitude random pulses megtiqned previoug;y occur;ed
as transients of very short duration. At some times they occurred
nmore fregquently thgn at other timesg although thgy were never vgry
commonf Apparently these pulses were most fpgquent when gtorm con=

ditions prevailed in the surrouhding area. Generally these pulses
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seemed to be gperiod;c in strqcture and negrly always of very sho;t
Quyatiéno % vepyAfew of them of relatively long dqratiqn were d??
ygdﬁed: One of these transients was ;dentifiéd as having a duration
@?#:QSpqnding ?o thé peried qf the generating voltmeter, which oper-
?teg at 27 rpso Some othep~qf these pulses'(of ;ong dqratipn) had

periods cdrreSponding to frequencies of 3Q cps and iO to 15 eps.
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THE ANTENNA

Because so few pulses ﬁere obsépved qsing the generating vo;éd
peter, another method qf measuremepx bqqame negessarye. For this
purpose an antgnng was ergcyedo As a firsﬁ ypy, a horizon;al ane-
terna 70 meters in length was erected at a height abqvg.the sarth of
1.5 metgrso This short low antenna developed suffigient voitage for
detec;ion of the signal by means of ?@? qscil;oscope without the
aid of an amplifier. Watt and Appleton (2) state that it is believed
that by mgking the ratio of the flat top of the antenna to the dpwn
lead of the qrde; of 30 to 1) that no appreciable error can result
from teking an effective height within Bz-of the geometric height.
Th? dgsirability of knowing the efchtivg height is evidgnt ffqm the
expression = V/hg Where, he is the effective height, V is the
voltag_e developed by the antenna, andé:‘gs the vqlue of the electric.
fie;d strength. ;f hg is given in me?e?s‘anq V is in volts, then
& has the dimensiqgg of volts per meter.

Examination of the siggal from the antenna showed that a
great pqmbgp o: pu;ses_were presento These pulses appeared to be of
two typesa One typg qon§;§ted of pulses having a guagiaperiodic
(a damped ogci;latipn) structure and gene;ally ha@ a mg@erape qagniu
tudec The other type consisted of aperiodic pqlges of shorter
duration than iﬁose of the quggi;pe:iodic group. In addition %o
ti;esep there were a ;grge nmmbg; Qf ‘trapsientg0 aperiodie in form,

and having magnitudes at leasp several times as great as the otherg
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previously mentioned. Typical examples of the quasi-periodic and

the aperiodic pulses are shown in Figure 8.

Quasi-periodic Form Aperiodic Form

Figure 8 - Typical wave forms of the quasi-periodic and
the aperiodic form detected by means of the antenna.

In order to determine any possible energy trend dependent on
the period of the pulses, a Hewlett Packard Harmonic Wave Analyzer
Model 300A was used to measure the antenna signal. Sensitivity of
the analyzer was great enough to permit measurement of the antenna
signal without additional amplification. Measurements were taken
at certain specific frequencies throughout the range of the analyzer
to its upper limit of 16 kc. Three readings were taken at each fre-
quency; the minimum meter reading, the average (or most common) peak
reading, and the maximum (highest observed magnitude) peak reading.
Table 111 is a tabulation of three runs through the frequency spec-

trum with the harmonic wave analyzer. Since the minimum reading was
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TABLE III = Voltages of the antenna gignal at different
frequencles measured with the harmonlc wave analyzera

Frequency Minimum Average Max:.mum Aveo=M1no @aw-mmo

(mv) ~ (mv) (iv) - (mv) (v/m)

40 cps .06 02 o3 olu 093x10°4

80 # . 0Ol olj 1o~ 36 2.4

100 # 06 3 o5 o2l lo6 "
200 «05 o3 o6 025 1.67 *
lLOO .3 ° 06 ol‘. 09 osll. ‘2 0‘26 @
800 ® ol oly o8 3 2, ¢
lo.6 ke 05 065 075 01_5 le @
31;2 “ 005 @25 08' 02 1033 W
“6‘;11.‘ # 03 oll. 06 sl 067 @
! 12;8 b4 ol 03 oll. 2 ’ 1 033 "
160 @ e'OI.{. ' 'o-ll. 0.6 036 20[‘. ) o
1.].0 cps 012 02 03 ° 08 053 K
80 H o O.L'. ol 03‘ o 06 o'.!;. . “
100 % 203 .12 ol <09 b W
200 002 215 ol +13 87
400 @ p‘B ‘ o[}.. 96‘ . ol 067 ®
800 \‘3 0-03 vl5 06 12 0_8 ' ®
1.6 ke 006 ol5 oy o09 N
3.2 . <0l o2 1o 016 1.07 *®
6ol ¢ 206 02 ol} 01l 093
12.8 ¢ 203 02 o3 017 1.13
160 ﬁ ‘c;_l 0'2 ‘0‘6 ol 067 u
)J.O cps 026 03 oL]. ° 04 27 %
80 A ol +16 3 206 oy @
lG)O @ '003 olll. 03 all 073 #
200 m oOll. 012 02. 008 053 «
Loo 225 3 035 .05 033 @
800 m. 002 nl 02 ’ '008 053 "
1.6 ke 208 015 3 .07 7 ¥
P2 ol o1l 3 ol YA
601.]: R ‘o‘l . 024 oll. . olll. 093 9
12.8 a0l o2l olt 02 1.33
1'60 @ 002 ol ‘ 09 an08 "b53 @
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considgred t0 bq the measure of the chkgrqgnd lgvelo t@g d;fferepcg
betweeq the average and the minimgm readings was the measure of ?he
mggnitude qf the trapsieqts gppear;nga These Qifference§ are listed
in Table I;;.and the field strgngth values correspogding to'theée
YO;taggs were computed on the basis of én effeqtiﬁe heigbﬁ of %75
meters. Table IV lists the magnetic figld values obtained by Ao R;
Jordan qu the elgctric field vq;qes qqmputed from them. Thatfthqu
va%ues Qf the electric field were of the same ordér of magnitgde as

TABLE IV - Magnetlc field values obtained by 4. R Jordan and
the’ electrlc fleld values computed from them.

Average‘ Average Méximum Maximum
Frequency 'magnetic electric - magnétic electric
" field-H field-6 field<H field-§
(oersteds) (volts/méter) (dérétéds) (volts/meter)
4O eps 2011078 60321074 9.5x1078 28.5x1074
100 '® Lok @ Lo2 ¥ 3.7 ® 1lel " ™
200 * 1.2 @ 3.6 # 2.6l ¢ 7092
4oo 0.6l © 1.92 ¢ 1.82 # LT
800 # 0,18 ® Oobl ® Q.72 @ 2,16 @
]1.0'6 ke Oolu # 06).[.2 L 0055 8 10-65 #
30'2 LN 002‘5 n 0075 W 0.069 a 2007 ”?
601‘. f 0029 a 0087 # =;‘ ‘='=.

é?(volts/meter) H (oersteds)x3x104

those jalues obtained from the antenna, indicated that the effective
height was at least gpproximate;y thg seme as jhe geometric yeighjo
Sinqe the accuracy of the wave gnalyze: meter, or any meter, is poor
for a pulse type of signa; as a result of mqtep j’.p.ertiaD and sincg

As Ro qudan.states that the accuracy of his figld values is no bqttgrf
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than 10%, it may well be that the'effgcpivg height of the antenna was
within 3% of the geo’meth__i_c height.

In'Eigure 9 phg values of average—minqsfminimum given in Table III
are p;otfeqo The meag of the three tria;s is alsq p;qtted :rom the
dgta in Table Vo The figure indicates that there was no decided ten-
dency for the energy qf the pulsg to be dependent on the periqa'qf the
pu;geo

TABLE V - Mean values of averagemmlnus—
‘mlnlmum values for three trlals.

Frequency Ayerageamihus=minimum Mean
Trial 1 Trial 2 Trial 3 (mv)

40 cps olb. .08 001!. 0.087
80 ® 36 .06 06 .16
100 & 0224. 009 olI‘ 01147
200 ¢ 025 13 208 «153
400 ¢ «34 o1 +05 2163 -
800 ¢ o3 012 208 -167
106 l_cc 015 009 07 0103
3.2 # 02’ 016 o1 +153
6ol ‘ol o1l o1l 0127
1208 A 02 017. ' '02-. ‘6—19
16. ¢ «36 ol .08 .18

CrEcrev—— s

A;tpougb the wavé analyzer indiqated the presence of low fre§
quencies, this was not considered as decisive evidence because of the
high ba'ckgrour_ld ;evé; with_i._n the analyzer at these ]_.ow frequencies.
Furthermore, no visual evidence was obtaineé up to this time, pro-
bably becausé of the abundance of the shorter period pulses.

As a means of remqving the shqrt period Qulsas from thg g;gna%n

the use'of & band-pass or lqﬁApass filter able to pass the_freqpenﬁy
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Figure 9 - The average-minus-nmiicmm readings of Table lll as a function OF
frequency*
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band below 100 cps was qonsidered. Computations for values of filte:
cqnsﬁgntg Ll?}.shqwed that values of inductance and capacity required
for thegg low frequencies were of unwieldy size gnd in addition there
must be impedance matching networks on both the input and output of
the filter. The difficulty in meiching the antenna impedance was evi-
dent when it was considered that the inductance, radiation resistance,
and the capacity of the antenna needsd to be known. The antenna
capacity was easily measured by means of a General Radio Impeaanqe
Bridge Type 650-4 and was found to be 620 micromicrofarads. The
measurgment of the inductance and the radiation resistance (11) posed
a problemy since it required a lgrge lqop (9) to :adiate energy inyq
the antenna and :gther elaborate methods of.compgrison With stgndaras.
This loop also had to be several wavelengths from the antenna whith
in this case would have had to be a distance greafqr then 3 x 106
meters.

As an alternative to the low pass filter, a series LC eircuit
‘made resonant §§m¢where in the frequency range bglow 100 cps was usqdo
By uSiﬂg an au@io freqqency chqu having an iqdqb%ance of 250 hen;ys,
it was possible to qbtain resonance using values of capaqitgnce of
less than one miqrofarad which was easily supplied by means of a
decade box. Because of the distributed antenna constants, a shift
of the resonance gea_ik_ took p%ace when the circuits w'é;je i’ntrodu,ced_
into thg antenna systems 4An attempt was made to measure this shif%

by radiating a sine waﬁe into the antenna, but it proved to be im-
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pogsible to radiate sufficient ené;gy to suppress the 50 cps generafqr
wave.
4s a means of avoiding this problem,"jﬁ was decided to amplify
tﬁe signgl with an amp;ifieﬁ gnd to then apply yhg IC qifquits to
the output of thq amplifier; In this way any possible shift of the
resonance peak due 'to the qmplifie: constants wgs qf no conseguence
since the resonance curves were determined under the actual conditions
under which the LC eircuits were used. The circuit and resonance
curves are shown in Figuré 10 for several values of C. Table VI in-
dicates the attenuation of the signal from the pesbonse at resonance
f??,th? threg values qf cgpacity used. L was held cqpstahy at a rateq
yalue of 25Q henrys. Actually the inductance of the chqu was de=
pgndgnt on both phe f;equency and the magnitgdg qf the signala
- Application of these circuits to the antenna signal gave imme-
diaté and Qefinite iqdications of the presence of lqw freguegcieso
It is difficult 1o say whet the exact per;ods were but they appeared
to correspond to frgquencies of lj fo 50 cps. These figures were
eStablishéa by settipg ?he sweep qonﬁrols qf the oscilloscope so thay
three cémplete waves appeared vhen the 5Q eps generator was qperat;ngo_
Under this condition, the sweep was operating at approximatgly 17 cps.
By then observing the fraction qf the trace whi@h a t;ansignt qcéue
pied, an apppoximatiqp of the. time of duration of the transient was
obtained.

Compared to the large number of short period pu;sqs Which were
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Figure 10 - Resonance curves of the LC series circuit.
the non-linear frequency response of the amplifier.

The curves are corrected for



TABLE VI = Attermation of f'x‘éqﬁencj_és of 7100 cps.and 150 cps from the
response at resonance. for the LC series circuibs. ’

) Z

L C Resonance Response at resonance Ratio of voltage
) frequency minus the response at resonance to
(henrys) (mfd) (eps) N the v oltage at
- S 100 cps 150 cps 100 ecps 150 cps &
.. Ut
250 0,1 10 18 . db 26,5 db 7.9 21,1 i
250 0.3 - 10 27,75 " 3L.25 ¥ 22.7 51.6
250 0.5 9 30,25 ¥ 3he s 32,6 - 50,1
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glways present, it was noted that the t:apsiéhts hgving a long period
were Quité rare. Generally the long period transients mey be said to
have qccur;éd at least several seconds apart while for the transients
corresponding to frgquenqies prvg ;QO cps, the Qscilloscope trace

showed many pulses to be present at all times.




-A.generating ﬁpltmeter type of'instrqment for measqrement of'thé’.
electric figld has heen Qegcribgdo Tﬁe frequen@y response of the in-
strumgnt was detqrming to be f;om Zero tq ten ke and its sensitivity
was dgtepmined but was found to be lower than desi;gd» Because of the
lack of sqfficiegy sensitiVity and the high noisg leve; of the instrg»‘
ment, it was decided that thg ggnerating voltmeter was not WQ%; sqitéd'

to the #ypé of measurements made, puf that it was well suited to %hg “
measuremgnt of bigh magnitude fields. A,féw gxamplqs were obtained
of transients hgving pgriods cq;nespond%ng ﬁo frequencies of about

10 6 30 cps.

Aé a consequence of the low sensitivity of the generating vp;ta
meter, thg usg'of an aptenna iﬁ conjunction with thg battery operated
oscillbsqope became necessary for the detection of the signalo The
aptenna‘was 7Q meters 'in length and was erected at a height of 1,5
meters above the earth.' Two ﬁypes of transients were observed while
using the'antennao One was a group of qugsimperiOQié pulses, gen¢r=
a;ly of mpderétg magnitudes. The other type of trangignts were
aperiodic in form of querate to high mggnitudeg, and generally had a
shorter period than those of the quasi-periodic group. Series LC
cireuits made resonant at frequencies below lQO cps were applied in
order to attenuate the transients of shorter periqd7 In this manner,
definité gvidence was qbtaineq of the presence qf pdlses havipg lqng

periods. It Wa$ determined that thése periods qorrespond to freguena




cies of epproximately 15 to 50 cps. These long period pulses were

‘ founq“tq be relatively rare compared to those of shori duratione
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