Thunderbolt Induced Earth Tremors
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A thunderbolt interacts with slightly piescelectric
aarth crust setting off an eiastic Surface Acaustic
Wave (SAW) along with the Bulk Waves. The
round trip travel times for reflection of these
waves cen account for the ohservations Tesla
made in Colorade Springs. Ne standing EM waves
ara invoksed.

1. Dbservations
During his short stay in Colorade Springs, Tesla

made numerous cbservations of lightning in the

sky. He considered these findings af “immense im-

portance,” as can be well understood once his sci-

antific goals in the United States were knowen. Fi-

gure la shows the equipment that he used for tha

measuremeants,

Tesla’s observations made on July 4, 1833, ref.

1, p. 61, read as follows!
"as the storm receded, the most interasting
and valuable chservation was made. Afer ad-
justing the nstrumeni sensitivity irelay) SO
that it respends o evary discharge, seen or
heard, it did so for a while, then it stopped. It
was thought that the lightning was now too
far, and it may have been heen approdimately
B0 miles away. All of a cpdden, the instru-
ment again began to play .. 5

The abowve activily repeated with & pariod of about

one-half hour = 1,800 sec., Figure 1h. Tesla's com-

ment:
“It showed clearly the existance of slationary
wawes, for how could the ohservations be
otherwise explained? .. ."

2. Difficulties in the Explanation

Tesla offerad two altarnative explanations for the
origin of stationary waves:

4 Reflection of an criginal EM Wave from the
the cloud which generated it [pretferred expla-
nation).

b, Reflection of the original Wave from "0pposile
point af the Earth’s su rface.”

Figure 2 shows his explanation Mo, 1. A cloud
griginating a thunderball is approximately 1 km
high. The round trip time is anly Six mMicrg-sec:
onds. Clearly, it is hard to imagine fermation of 2
standing wave with periodicity of T = 1800 sec-
ands under these circumstances.
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It is alsa hard to understand Tesla's second ex-
planation of standing wave formation, One possi-
hle interpretation of Tesla's explanation Mo 2 is
shat a thunderball excites an electramagnetic wave
which goes through the earth’s center and
hounces back from the paint on the sarth's surface
just opposite of the starting paint; the travel time
for this path is dRic = 085 Sec again in disagree-
ment with the observations. Higher harmonics
wauld disagree even worse, The main ohjgction to
this model 1% the propagation of electramagnatic
waves through conducting earth. In particular,
nropagation thraugh metalic center. Cansequently,
rather than to follow Tesla's vague explanation lit-
arally, we calculate the travel time of an EM-Wavea,
ariginating at the lightning site {Calorado Springs
Lab) and bouncing betwasan conducting earth and
the ipnosphere around the Earth, Figure 3a. If the
wave bounces M times off of the ipnosphers, ang
finds for the travel time:
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where ¢ is the speed of light, and a is the distance
deseribed in Figure 3b.
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R, the spherical Earth radius is 6,370 km; angle ox
= ¥ and & is found from:
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5.1 - h/R = .0314 since the F2 ionosphere-band is
ahout h = 200 Km high above the ground. For
Earth's data see Markus Beth's bock, 2], For N =
100, it follows @ = 1.8 degrees and B = 44,56 de-
graes, The distance a 285.2 Km, therefora T =
19 seconds. This certainly is not salisfactary
Altgrnatively, one can caloulate N to get the de-
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; R
4. L L ] - —;1
- ;_r:% |:|+ IR DR YL

i
fonih @ Elwa E- h--]_llr.\,ll-'r]&‘!h] a

sinca
AL a = e
5} I i

. T S
with n-ﬁ-i Baraefiel)
and C I.],l]'_l-i-"j



Tesla's Cbhsarvation of Slanding Waves, July 1853
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Figure 2 Tesla’s Explanation #1
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Howewver, this implies N = 1.3 . 10% with a
bouncing distance |adjacent) 2 - . R = 30m! This
iz an absurd result and 15 not worth further discus-
Siomn.

We could try to “save” this model by assuming
"incommeansurate bounces.” The EM Wave would
go several times around the Earth befere bouncing
off at the right spot in, say, the Colorado Springs
Lab. Another way of looking into wave propaga-
tion in the ionosphare is to assume wave-guide
above the earth’s surface. The lowest resonant fre-
quency of this cavity is only approximately 8 Hz
which is in disagreement with Tesla, This so-called
Schumann Resonance will be discussed at the end.

Rather than pursuing these EM models further,
we will examing a model where the Earth vibration
may explain the data of Figure 1k, Tesla's observa-
tions ulilizing the relay may have been sensitive 1o
thass.

3. Alternate Model

We propase to investigate the following prob-
lem: the Earth's surface, hit with a lightning dis-
charge [about four couwlombs, [3]), is instantane-
cusly subjected 1o high electric field E. This electric
field causes atomic displacements in a piezoelec-
tric media of the Earth’s erust {the Earth's crust is
predominantly 310, quartz-likel. Four types of
Earth responsss are possible:

a. Generation of Bulk Sgismic Waves

k. Generation of Surface Seismic Waves
& Lowve waves along discontinuities

d. Free Vibrations of Earth's Sphere

Since the moda is excited only by large ear-
thaguakes {energy released in excess of 1077 Joule),
we do not consider it further here. We estimated
the energy release in a thunderbolt as approxi-
mately 10™ Joule [0%2C, C-capacity of a cloud-
groundi.

Love wawes, c, are less frequant and s we disre-
gard them here. The seismological records show
high frequency of seizsmic waves belonging o
categaory b, Figure 4 and reference [2]. These are
Rayleigh wawes or, called differently, Surface
Acoustic Waves (SAW).

Bulk waves are normally exciled either as lon-
gitudinal or transverse modes,

4. Details

A, General: We assume that the Earth’'s crust is
made of 510, exclusively. This is not com-
pletely true, but will be assumed here for the
purpose of an order-of-magnitude calculation,
210, is polyorystalline with & density of S
2.65 glem®. In the crystalline form, it is trigonal,
symmetry class 32, The stress tensor T, is:

[
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23] T, E.m'iah 2 .. 5
Where indax J 15 contracted i, | symboal; J = 1
W 6. 5, and E, are strain tensor and electric

fizld in direction K and i respectively, The con-
sltant C ., four-dimensional stiffness tensor is
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B. /nitial Strain at “Ground Zera”;
Assuming, first, electric interaction enly 5, =

L]

El
Ty = I".t.,.LE; L Ry
= %5,
far x-direction, say. Y is the average Young
modulus, We have:

EI 5== T_f ""l...ll'E

wheare E is the electric fiald, wvolt'm, aof the light-
ning. \We estimate the electric field st the im-
pact site as follows: Figure 4b shows an ap-
proximate way of calculating the electric field
with the following values:

EM-Waves Bouncing Around 1ne Earth

b

The capacity for this eylind rical symmetry is:
L -1!-11:...“'— - I-El'n-'F
| P

r, = 10 em, ry = 50 cm, H =

9)

pssurming an avérage dielectric constant | £ i3
alen a tenser), £ = 4.5&e . In the abowve
maodel, we assume a lightning to create Righly
conducive core of diameter 2r,, surrounded by
510,. The field E is in the radial direction

By using quoted charge 0 carried by a lightn-
ing, we find ¥ = QC = 2.5~ 10" volt and
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E = —_ - 5.5 "I'E-'L|r"¢'i-'
r

£ — - -':._-

Figure 3a Tasla's Explanalion #2 1 fodified)
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This is the thundarbolt field we will use in
this caleulation for e@arth tremaor estimates.
Returning now 1o Eg. i8], we find imitial strain
of ground:
i

ad
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TRE L
i B 10% local strain, We took hers Y~ €5
The corresponding strass is, af course, 1.2 - 108
nsi. (This is higher than the 510%s elastic limit.)

Often quoted piszoslectric constant of guartz,
referencs 4], d = 3.3 - 1071 mivolt agres well
with the estimate given above {fe = ¥d = 3.3
10" . 86,74 10° = .286 C/m® to be compared
weith 17 ".:-'IT'I-':' usad abovel

¢ Effect of Ground Heating: From L=Llo-11+
reaT) one finds the temperature strain 1o be
AT, If Si0, locally melts, T = 1,710 degress
Centigrade, it will expand { &= 5 107% =C7"} 50

Figure 3b Reflection Geamerry

syrmmetric:

8574 Go8 Mgl -1781 @ O T
aE74 1191 17,0 0 O ¥ a
CE - wiz o 0 0 §,, 5500 (Mo-lee) =710
= 6754 0 O

57.94 -12.91
I9.ET
CE is given in GPa while the threa dimansional
piezoelectric Ensor in Cime,
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This is much smaller than Sq calculated before.
Therefore, we will neglect it.

Wave Vselocities: Consider a gemi  infinite
medium bounded by an interface plane perpen-



dicular to, say, the z-axis. We have air far z» 0,
say, and 50, for negative z. Longitudinal and
fransverse waves propagate in 5i0, subjact to
the boundary condition at the interface. This
leads to a dispersion relationship:

& L] .
12} & -8 -80-20 e nt Cn')
where E; and ‘.1 are;
13) l|'1 = EI#H- "'L.; Mo |
1- v,

Vgis the transverse-wave velocity. Since J is
given by:

= L, = C.]
'-L. 1'!:

Equation |12] can be salved for §, 4, We find
for 5i0, %, = 888 As \{ is found in Tables,
Reference [5], = 5740 misec., both VS and
SAW are found:
w, = owa, © 5891
Vg = f"..-._rh = IEF =

It can be noted that both 2 and :,SAW can be
calculated approximatehy ar_{:urdlnq to Ristic [5],
p. 95:
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Poisson ratic being r‘ = 075,

E. SAW Polarization: The surface waves have only
Wi components (Sagittal Plang) in the direc-
tion of propagation (say %] and perpendicular to
interface (z). The ratio of the two for our SAW
at ground zere is (Fig. 5):

= BB
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17)
with € = 2= . p. {i= 2
(e (I ST
F. Attenuation: Seismic waves propagate through
the Earth's crust with a freguency and
wavelength . related by o = ?.f . Lon-
gitudinal wave {e.g.) amplitude is:

Fn,e) a5, o0t Tk

s
with w = 27f .and k= a7/2 2isthe
atlenuation constant in the x direction, Figure
5; § is amplitude attenuated due to various dis-
sipative mechanisms. The power carried by the

Wave i5:
e. ';LJt'F —1-.:.?
where R danntea real-part” and Pg, ini-
tial power carﬂed by the wave. The attenuation
is defined by S
Py
A ---aL;T = pepal

18}
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Earthgquake in Sinkiang (171/137965)
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far travel distance, £. A is measured in dB. (For
viscous losses of = B - F with oL = M wii2y
3¢l M is the viscosity, P, - Sec). A has been
measured for the Earth: Earth's structure and &
are shown on Figure § for case when J

a5 found in literature, [2].

5. Results

We will atternpt here to explain Tesla's chserva-
tions (Figure 1b} using the model of SAW, and
perhzps L and S waves propagating through the
Earth,

The explanation given here will not be based on
standing wawve formation, The half-hour peaks may
be observed due to wave packetl reflection at impe-
dance discantinuities, aither for Sa28W ar bulk
waves, Multiple peaks in Figure 1b would be due
to multiple bouncing of the same wave packet.
Tesla's equipment (Figure 1a, notably, the relay) is
thought of as earth-shake sensitive.

AL SAW — Ravieigh Waves: Colorado Springs is
about 1.97 Mm away from the California coast
in diract line, Along the surface, this distance
may be 50 percent higher, 3.10°m one-way. [f
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Figure 6 Affenuation in the Earth

AW travels to the shore and back, the travel
time would be:
- 4 'I:I"I

\ e b5,

s NG5

MOTE: Typical SaW frequency 5 approxi-
mately .1 Hz, Figure 4,

Artenuation of a SAW with =1 Hz. t A =
3465/1 = 34.5 Km} is (L'* = 174y4.7 dB or
0.33 in absolute units. This attenuation would
be prohibitive for ¥ = 1 Hz.

B Bulk Waves: Seismic Waves longitudinal L, or
frapsverse, S may bounce off the discontinuity
at the earth's eore, 2900km, Figure G. Results
similar ta ones for SAW are given in Tablz I

= 17570 w2

Mode ", mis T.5 Attenuation (Hzl
Longitudinal 5740 1010 12
Transwerse age2 1500 A4
SaM 2455 1737 B ek
_*f = ,1Hz

Table 1

T8

Typical frequency for bulk waves 1S approximately 1
Hz: for f = 1Hz "h="¢/ = 5740m for S-waves and
3A52m for P-waves.

Tahle | shows that, in principle, both SAW and S-
wave refiections coukd account for Tesla's fincings, if
his test was sensitive to Earth fremars. Transverse
waves are preferred, however, since their reflection
irom melted care can account for the multiple peaks
Tesla chserved.

6. Discussion

The explanation of Tesla’s phsarvation made on
July 4, 1889, Figure 1b made here does not neces-
sitate standing wawves formation. With such low
frequency, f = 5.5 - 10°* Hz, it is hard Lo imagine
standing EM-waves. An glectromagnatic wave cav-
ity formed by the ionosphere/conducting  Earth
iSchumann resonance, [6]) cannot form standing
wawves of this frequency. The lowest schurann re-
sonance (Reference [Bl1is f = ¢ Yniln + 1) |25 -
RY = 10.6 Hz for n = 1 ifirst non-zero miadel.

The almost spherical Earth does oscillale with
such low fraquencies (T = B4 min —3 fo= 3 -
160~ Hz have been observed. For details see Bullen,
Ref. 171, Our madel exploits this slower System. To
agree with Tesla, we had 1o sssume his obsersa-
(ons were tremaor sensitive.

Fram 2 differant point of view, one can think af
the Earth as a “coupled system”™: EM cavity [with
Schurmann energy levels) coupled to seismic sub-
gystemn of Earth with its own energy levels. The
coupling of two sub-syslems is through interac-
tion, perturbation, One  form of interaction s
piezoelectric, described in this paper. The ather i3
the change of cavity shape dug 1o Seismic Waves.
If properly done, all ensrgy levels [resonances) of
poth sub-systemns would be shifted:

.i.; m &, o [
1 EPE = T, (8

VWhere PE and SH stand for “piezoelectric” and

“shape,” respectively, oLend o have to be found.

. 1

values of o will depend on energy level separa-
tinn in two sub-systems. Clearly, the seismic sub-
gystem has much larger energies (10" Jouie com-
pared to 10°% Joule|. Effectively, the time-avérage
af these shifts would be observed as energy-levels
broeadening. This coupling is reminiscent of nuc-
leusiatomic coupling in atoms,

Tesls made such @ strong commeant in his nates
ireferred to before) after the record of lightring ob-
servation far the obvious reason: it was of central
importance for his post-Niagara wark, He hoped b
pump up the space around the Earth with suffi-
cient BF energy, 50 that the energy cauld be usad
in remote places. Wireless energy transmission
was his main project in America, and was the
reason for his caming to Colorada Springs ilower
air pressure at high altitude: mora space Tor pow-



erful transmitter], Radio and telegraph transmis-
sion were only smaller portions of his general
drearm.

In my opinion, Tesla, in his early ages, made dis-
coveries which triggered an industrial revolution in
the world. The revolution (industrial and wide-pub-
lic utilization of elsctric power) spread so fast, in
fact, that Tesla did not get the credit he deserved.
Somewhat misled by hiz coil-and-bulb EEDETirment,
he believed that after he developed all of the
utilities for Miagara land less known, a Teluride,
Colerado mine), he could repeat the stunt with the
RF power. He failed with his ultimate goal, of
course, but while working on it, he develaped RF
technology 2s it is known today,
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