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Waveform signal

Normalized spectrogram /dB: Frequency spectrum variation with time
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Normalized pectrogram /dB: Frequency spectrum variation with time
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Surface waves
—_—

irst S wave

1 minute
£ -

(Earl.ier)

Copyngnt © 2005 Poarson Prontice Hall, g

T MET) (ate)

ot measured,  Light shaking of items, Serious damage
not felt little damage, if any over large areas

Measured, Slight structural
but not felt damage possible

Sometimes felt, Potential for
no damage caused destcructive tremors

SOURCES: U.S. Geological Survey

The Energy of Richter

J=Joules Various sources of energy
translated into their equivalent
3 value on the Richter Scale
A i R
— S 6
] \ Energy: 6.3 x 10'3)
Power of the atomic bomb dropped on Hiroshima.
— & 6.1
e .
— Energy:9x10'3)
Amount of energy in 1 gram of matter
according to Einstein’s celebrated E = mc2.
= .03
= Energy: 8 x 10'%)
\\ Christchurch, New Zealand, earthquake, 2011.
‘ ©/
1" ) Energy:2x10'5)
/ Haiti earthquake, 2010
=
A
< - 7.5

.
Energy: 1x10'6)
\ Impact energy that formed meteor crater in Arizona

8

Energy: 6.3 x 106

@

Approximate value of the 1556 Shaanxi earthquake, China -
the most devastating earthquake in recorded history,

estimated to have killed more than 830,000 people
—‘— 8.3

Energy: 1.5x 10'7J
Estimated energy released by the eruption of Krakatoa in 1883.

—3 8.3

Energy: 1.7 x 10'7)
\ Total energy from the Sun that hits the Earth every second.
)
3 8.4
Energy:2.4x10'7)

Tsar Bomba, the largest nuclear bomb ever detonated.

— 9
A\l Energy:2x 1078

Tohoku earthquake off the east coast of Japan, 2011.

9.5

Energy: 1.3x 109
Total consumption of electrical energy in the US in 2009.
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Rayleigh Wave
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As the ship passes over a survey area, fan-shaped
sonar beams four times as wide at the depth of
the water scan the seabed. It takes many passes

to produce a continuous set of images. Bearns bolince off the

seabed and return to
the ship where the
echos are recorded

British
Antarctic Survey

NATURAL ENVIRONMENT RESEARCH COUNCIL




Mavericks, California




Garrett McNamara surfs a 100ft wave! (January 2013, off the coast of Portugal)




Garrett McNamara surfs a 100ft wave!
www.youtube.com/watch?v=IIr



https://www.youtube.com/watch?v=IlrqyHIE4wc
https://www.youtube.com/watch?v=5XpU5M0ZCKM
https://www.youtube.com/watch?v=5XpU5M0ZCKM

WAVE MOTION IS INFLUENCED BY WATER DEPTH AND SHAPE OF THE SHORELINE
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Ripples and caustics

Surface tension is
important!




A wake is an interference pattern of waves formed by the motion of a body through

a fluid. Intriguingly, the angular width of the wake produced by ships (and ducks!) in deep
water is the same (about 38.9°). A mathematical explanation for this phenomenon was first
proposed by Lord Kelvin (1824-1907). The triangular envelope of the wake pattern has since

been known as the Kelvin wedge.

http://en.wikipedia.org/wiki/Wake

24
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In general, for vorticity free waves on the interface of two incompressible, Newtonian
fluids, the dispersion relationship can be shown to be, for waves with amplitude I'<< D

\'\\(( _./ surface
v\\- \7 , tension

PM——» , %Ms wz\:ok3+g(p1—pz)k

W p, + p,cotanh(kD)

Solvd Suqyute V T

fluid densities

depth
For waves on a water, air interface 0, =1000p, , soignore PO,
0k3
2 _
w = 0 + gk tanh(kD) For shallow water waves tanh(kD) ~ kD
1
; | | tan‘h(x) Gk4 D
, W’ = +gk°D
o L1
" For deep water waves tanh(k D) ~1
0.4} 3
06 2
w°=——+0K

3 P 26




27
Since K = —— the higher powers of k will contribute less for longer wavelengths

: w
Hence for shallow water gravity waves 0> = gkz D C = — /gD

e.g. waves coming ashore just before they break, or p I
waves in a shallow river or canal
. 2 ), A
Similarly for deep water waves | @ = gK C =— = g — _g
p
K K 27T

Note for deep water ripples (or ‘capillary waves’) this approximation is invalid.

Deep water wave phase velocity

We must use the full ok’> 100 —_——
dispersion relation ~ ® = + gk %0-
Pr cof

Water: p=1000 kgm-3

70F
0=0.0728 Nm

Ripple phase velocity is:

60

Phase velocity fcms™

50f
c L9 ok ¢ 2ro QA
== |—+= = 40t
p
K p, K Ap, 27 A 7
S
20: ____________________________________________
' o 4g0' 10 minimum phase velocity = 23 cms!
Which has a minima at C, =14 e
P % o5 1 15 2 25 3 35 4 45 5
Alem
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Kelvin Helmholtz instability
“on Earth
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Shock waves
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Atmospheric
Opacity

Frequency
(H2)

Wavelength
{(m)

ML, Everest ;
Skyscrapers

A star gives out radiation
from all parts of the

\tomic Representative
electromagnetic spectrum % o

Nucleus



NASA space telescopes

visible light infrared




How a Spectroscope Works

Spectroscopes are used in
telescopes to help scientsts
anyalize the materials that
make up stars and nebulae.

Target star

1. Light coming into  Light from sky
the telescope is
filtered through a
tiny hole in a
metal plate, to
Isolate light from a f
single area/object Plate

2. This light is
bounced off a Grating
special grating
which splits the
light into its different wavelengths
(just like a prism makes rainbows).

Detector

<

3. The split light is focused

Typical spectrum

onto a detector, forming
a spectrum.

O

Light source,
eg star or lamp

Light dispersed into
component colours,
e a spectrum

Slit Prism

Dispersion of light through a prism



Basically... % oo

1. A broad-spectrum 2. Some colors 3. Diffraction 4. A webcam

light (halogen, are absorbed grating splits measures each

incandescent) more than light into colors  color and graphs

is shone through a others so they can be their intensities.

sample depending on measured This is compared
its composition separately to known

samples.



Intensity / (arb. units)

Spectral Irradiance (W/m2/nm)

Solar Radiation Spectrum

2.5 :
UV |, Visible , Infrared —
I
|
21 ', Sunlight at Top of the Atmosphere
1.54 5250°C Blackbody Spectrum

e

-
L

Radiation at Sea Level

o
(6]
1

Absorption Bands
H,0
2~ €O, H,0

03
0-
250 500 750 1000 1250 1500 1750 2000 2250 2500
Wavelength (nm)
- ultraviolet | visible infrared

This theoretical curve is
called the Black-Body
spectrum

Wavelength A {(um)

Note solar energy is

absorbed in atmosphere

by oxygen, water vapour,
carbon dioxide etc. Hence dips
in the solar spectra at sea level.

' Measure surface

i temperature of a star

. from the spectral shape
|

|

|

|

|

|

(i.e. brightness at different
' wavelengths)

Convert wavelength into frequency using

c="1A



108|220 Msun
,30 M.,
10° »  : Contaun
Bategeuse
7 W S
e 10 M&"‘ S
10 10 Vi ’ ‘ mtares
Bedatrix
103 MAT
10¢ 0
)
S 10
5
o)
L)
- 1
73
=
g:, 0.1 Cygni B
= Lacaite 9352
S M.
" B Glese 725 A
10-2 Sius’B » Gleso 7258
Barnard's Star ® 0.1 ,"5;,
$ * Ross 128
yi
103 Wolf 359,
Proxma Centaun
DX Cancel*
104
10°5
@) B A F G M

10,000 6,000

surface temperature (Kelvin)

Hertzsprung-
Russell diagram

1910 by Ejnar
Hertzsprung and
Henry Norris
Russell




Doppler shift method for measuring radial velocity C= f /1

If an object emitting radiation at frequency
f moves radially towards an observer at
velocity v, the observer will measure a

slightly higher frequency of radiation as the
emitted waves ‘bunch up’.

Velocity of
emitter towards Frequ?ncy
observer \ of e:m!tted
radiation
Vv
frequency L Af = — f
change
C‘\ v
Speed of
radiation

Note this formula is ‘Classical’. It is valid when

v << ¢, otherwise a relativistic version must be used Christian Doppler
' 1803-1953




Redshift zis the fractional

source stationary source moving

orbubedhidin change in wavelength of
light due to the Doppler
effect
© ) ) e
7 — lobserved B ;i“emmitted
;l“emmitted
waves
galaxy
in Virgo (@)
—_—
red shift
galaxy
Corona  (b)
Borealis
1 |
400 700

wavelength (nm)
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Evolution of the
Mobile Phone
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GSM spectrum (microwaves)
380 MHz — 1.8GHz

Global System for Mobile Comminication (GSM)
first deployed in Finland in July 1991
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iIncreasing energy —————————————
\ A

VU
decreasing wavelength —————
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Radio waves Infrared Ultra- X-rays Gamma rays
violet
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Gamma Rays



Gamma-ray emissions

X-ray emissions

Milky Way

- 50,000 lightyears

pOIFRT XN,
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Gravitational waves emitted from two colliding black holes (!)




The Gravitational Wave Spectrum

Quantum fluctuations in early universe

&
g

Binary Supermassive Black
Holes in galactic nuclei
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captured by Rotating NS,
Supermassive Black Supernovae
~ Holes g S
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Cosmic microwave Pulsar Timing Space Terrestrial
background Interferometers interferometers

polarization

Detectors




Pulsars were discovered by
accident in 1967 while
Jocelyn Bell and Antony
Hewish were looking for
twinkling sources of radio
radiation.

The explanation for the radio
pulses proved the existence
of neutron stars, incredibly
dense remains of massive

collapsed stars.

RADIATION
BEAM

ROTATION
AXIS

RADIATION
BEAM




Pulsars ~ Beamof

radiation

Magnetic
; field lines

Beam of J
radiation
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Jodrell Bank Lovell

Pickmere Jodrell Bank Mk2

Darnhall Cambridge

Multi-Element Radio Linked
Interferometer Network
(MERLIN)



