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https://erikbern.com/2017/02/01/language-pitch.html 



5 https://www.matinee.co.uk/blog/difference-male-female-voice/ 
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https://acoustics.org/hearing-
voices-in-the-high-frequencies-
what-your-cell-phone-isnt-telling-
you-brian-b-monson/ 

300 – 4300 Hz 

Spectrogram 
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httpload.wikimedia.org/wikipedia/commons/f/f5/Light_dispersion_conceptual_waves.gif 

Seismograms 
from an 
earthquake in 
Texas
recorded in 
Nevada and 
Missouri.

The MNV record 
has less high 
frequencies (short 
periods)
because the 
tectonically-active 
western U.S.
is more 
attenuating than 
the stable mid-
continent.



http://www.iris.edu/hq/files/
programs/
education_and_outreach/
retm/tm_100112_haiti/
BuildingsInEQs.pdf 
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Figure 6.6-11 
 
Using filters to enhance 
different frequencies in a 
seismogram and pick out a 
local earthquake signal 
from within a teleseismic 
earthquake record 

14 https://www.cs.northwestern.edu/~bgooch/PerceptionClass/week3/spatial-filters.jpg 
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Bouguer gravity 

High-pass filtered 

Zahra, H. S., & Oweis, H. T. (2016). 
Application of high-pass filtering 
techniques on gravity and magnetic data 
of the eastern Qattara Depression area, 
Western Desert, Egypt. NRIAG Journal of 
Astronomy and Geophysics, 5(1), 
106-123. 
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High-pass filtered 

Raw aeromagnetic 

Cooper, G. R. J. (1997). GravMap 
and PFproc: software for filtering 
geophysical map data. Computers & 
Geosciences, 23(1), 91-101. 
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Geological and geophysical implications 
of deep-tow magnetometer observations 
near Sites 897, 898, 899, 900 and 901 
on the west Iberia continental margin

  
Proceedings of the Ocean Drilling 
Program, Scientific Results, 149 
Chapter: 43: Whitmarsh R.B. et al 

Gee, Jeffrey S.et al. "A deep tow 
magnetic survey of Middle Valley, Juan 
de Fuca Ridge." Geochemistry, 
Geophysics, Geosystems 2, (2001). 
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14-20 sec 
0.07-0.05 Hz 

10-12 sec 
0.1-0.8 Hz 



23 

500 sec `1000 sec 250 sec 
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Variations in insolation (in watts per square meter) 
determined from the variation in Earth's orbital 
elements (Barron, 1994, figure 13).
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Figure 4. Two spectral analyses using the Blackman-Tukey method. A. 
18O spectrum of Site 607 shows that 18O variations indicative for 
glaciations occur at the primary Milankovitch frequencies. Obliquity, 
however, is the dominant frequency (Raymo et al., 1990). B. Gamma-ray 
spectrum of Miocene marl/limestone alternations at Site 1003 produces 
frequencies at 40, 23, 19, 16, and 11 k.y. The strongest peak occurs at 
23 k.y., indicating the dominance of orbital precession on these 
sedimentary cycles (Bernet, 2000). 

http://www-odp.tamu.edu/publications/166_SR/chap_16/c16_f4.htm 
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FOURIER TRANSFORM

F(ω ) =
∞

−∞
∫ f (t)e−iω t dt.

INVERSE FOURIER TRANSFORM

f (t) =
1

2π

∞

−∞
∫ F(ω )eiω t dω ,
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SPECTRAL CORNER 
FREQUENCY 
APPROACH

~ seismic 
moment 
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https://www.electronics-
tutorials.ws/filter/
filter_2.html 
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https://www.electronicshub.org/wireless-
communication-introduction-types-applications/ 

Wkipedia 
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Effect of source depth 

Seismometer is a filter 
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Effect of source time 
function 

Effect of near-source 
structure 
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MODELING BODY 
WAVE SEISMOGRAMS 
shows how slip varied 
on fault plane
Found maximum slip 
area ~400 km long
Maximum slip ~ 20 m

Stein & Wysession

C. Ji 41 
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Nevada Seismological Lab 
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http://www.beachapedia.org/ 
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NY Times 1/22/2019 
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(Christensen, 1996).
Another striking observation (Fig. 13e) is that the mantle below the

MCR differs at most only slightly from its surroundings. P-wave tele-
seismic tomography shows that at 100 km depth, mantle lithosphere
below the MCR is at most slightly slower than its surroundings along
part of its length and indistinguishable below Lake Superior where the
largest anomaly would be expected (Frederiksen et al., 2017). Similarly,
shear-wave splitting data show no significant anomaly beneath the
MCR, although they show a significant change across it, implying that
the Superior province to the north was so thick and strong that the MCR
did not break into it (Ola et al., 2015). These observations suggest that
as the MCR formed, melt extraction from the mantle produced magma
now filling the lower portions of the rift with shear velocity similar to
and density higher than the surrounding lower crust, and left little
velocity perturbation in the upper mantle (Fig. 14). Denser eclogite may
also be present in the rift's lowermost crust, but gravity inversions find
that mantle lithospheric density beneath the MCR is not anomalous
(Levandowski et al., 2015).

Why the lithospheric mantle below the MCR shows little perturba-
tion is unclear. By analogy to other LIPs, the melts that generated the
Keewenaw LIP likely resulted from a combination of melting of the
preexisting continental lithospheric mantle and plume-influenced
asthenosphere (Lightfoot et al., 1993; Beccaluva et al., 2009; Trestrail

et al., 2017). For these purposes, a plume can be regarded as a ther-
mochemical anomaly without considering its geometry (Rooney, 2017).
Extraction of partial melt from the mantle should have decreased the
iron content of the residual mantle and resulted in the removal of
garnet or spinel (depending on depth), and clinopyroxene (Ellam et al.,
1992). This would be expected to occur over a range of depths from
~150 km to near the Moho, as the dominant melt source region is
thought to have progressed from deeper to shallower as volcanism
progressed (Nicholson et al., 1997). Some studies, based on xenolith
compositions and velocities, suggest that melt depletion significantly
increases mantle velocity (Jordan, 1988; Lee, 2003), whereas recent
results from petrological modeling (Schutt and Lesher, 2006; Afonso
and Schutt, 2012) indicate that “melt depletion has almost no effect” on P
and S wave velocities. The absence of a major velocity anomaly below
the voluminous MCR basalts argues either that the melting and mod-
ification of the preexisting lithospheric mantle had net little effect, or
that the mantle beneath the MCR has been replaced since the MCR
formed and moved away from where it formed.

2.6. Formation at a plate boundary

Although the MCR was traditionally assumed to have formed by
isolated rifting in a plate interior (Cannon et al., 1989), it now appears

Fig. 12. Crustal thickening beneath the MCR's west arm is shown by surface wave tomography (Shen et al., 2013) (A) and receiver functions (B; Moidaki et al., 2013
and C; after Zhang et al., 2016). Profile locations are indicated in A): M denotes that in panel B) and SS and SN denote those in panel C).

S. Stein et al.

50 

MCR West Arm 
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“Experience with the 
Hubble Space 
Telescope: 20 years of 
an archetype” 
http://
opticalengineering.spied
igitallibrary.org/
article.aspx?
articleid=1183218 
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http://cfao.ucolick.org/ao/
how.php 

Adaptive Optics 
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56 https://sites.google.com/site/anrosphysics/ib-physics/wave-phenomena/4-single-slit-diffraction 
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https://www.quora.com/In-single-slit-diffraction-what-is-the-effect-of-increasing-
wavelength-and-the-slit-width 
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Correct for 
attenuation 

Correct for 
phase shift 

Cross 
correlation 

62 



63 

64 



65 

https://
www.maximintegrated.com/en/
app-notes/index.mvp/id/928 https://www.youtube.com/watch?v=SFbINinFsxk 

“stops” “reverses” 
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Spatially aliased 

With antialiasing 
bandpass filter 

http://www.svi.nl/AntiAliasing 
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https://en.wikipedia.org/wiki/Aliasing 


