Fragile System

Natural disaster: 
· Extreme natural event in which a large amount of energy is released in a short time with catastrophic consequences. 
· There is no universal definition of natural disasters
· Key aspect is impact on society
· In poor countries, natural disasters disproportionally kill more people and recovery is slower because means are limited and insurance is less likely

Great natural disasters (tsunami, earthquakes, hurricanes, floods, heat waves, etc)
· Kill people
· Leave many homeless
· Destroy regional economies

Haiti Earthquake (12 Jan 2010)
· Earthquake hit its capital city Port-au-Prince
· Killed 230,000 and injured 300,000
· There had been 2 earthquakes (1751, 1770) and Haiti wasn’t prepared for 3rd
· Other countries raised donation and sent expert personnel
Maule Earthquake, Chile (29 Feb 2010)
· Earthquake in Chile = 100 times earthquake in Haiti
· Killed 562 people and damaged 500,000 homes
· Chile was prepared due to modern building code and effective preparedness program

“Important Facts”
· Natural hazards become natural disasters when they intersect with vulnerable communities
· Unstable snow, rock or high water (potential to cause harm
· Not considered natural disasters if happen in remote uninhabited areas
· Seismologist: people who do research on earthquake hazard and mitigation
· Seismograph network: memories of catastrophic earthquakes in the past
· Sites with natural hazards need to be studied and understood
· The risk must be evaluated
· Natural hazards are inevitable but natural disasters are not
· Frequency:  the number of events in given time (f = 1/t)
· Return period: length of time between similar events (time / # of events)
· The longer the return period, the smaller the chance of event occurring in any given year (based on statistical probabilities; no guarantee)
· Magnitude: amount of energy fuelling a natural event
· Ex) force of hurricane, amplitude of ground motion
· Larger-magnitude events happen less often
· Cost-benefit ratios of economics are to be considered
· Ex) how much money should be spent to construct buildings, etc

“World-Wide Trends”
· The number of great natural disasters increases with time
· Partly due to increasing human population
· Geological hazards:
· Earthquake
· Tsunami
· Volcano
· Water-related hazards:
· Storm
· Flood
· Drought
· Man-made disasters:
· Urban fire
· Explosion
· Mining accident
· The number of disasters has declined because of greater awareness about safety-translating to increased investment to achieve safety in workplace and in transportation
· Matter of social choice and prioritization to reduce the number of natural and man-made disasters
· Usually, biggest killers worldwide are earthquakes and hurricanes
· The more dense the population, the worse the fatalities

“Economic Losses”
· The destruction and disabling of buildings, bridges, roads and power-generated plants as well as transmission systems for electricity, natural gas and water 
· Economic losses are greater than damaged structure
· Industries and businesses are out of operation, causing losses in productivity and wages for employees left without places to work
· Costliest natural disasters is storm
· The highest insurance losses occurred in US, Europe and Japan
· Developed countries experience larger economic losses and fewer death
· Better insured, live in safer buildings and have better warning and evacuation systems
· Developing countries can’t afford safety net and states are stretched for resources
· Have no other alternative than to ask for international assistance
· International community (Red Cross, Red Crescent Movement, etc) channels practical and financial help
· Individual donors have short-attention span and funds dry up before the situation has been stabilized
“The Canadian Perspective”
· Canada surrounded by ruggedness of Rockies, from boreal forest of Canadian shield to sensitive tundra of the Arctic
· Rich diversity means that Canada is exposed to many natural hazards
· Storms, tsunami, floods, snow avalanches, landslides, earthquakes and volcanoes can happen in Canada
· Increase in natural disasters in Canada reflects rise in weather-related disasters while geological disasters remain stable
· Closely related to population growth
· Weather events have become more extreme in the last 50 years and the nation is yet not used to it
· The impact of media should not be neglected in analysis of data
· In 1952, television was instrumental in broadcasting the awareness of Canadians to major events both at home and in the “global village”
· Major disasters of biological origin showed that biological disasters (H1N1, influenza) are still a threat, even for population with high standards of hygiene (being clean) and accessible medical care
· The risk of terrorist attach ranked only 7th in the list in Ottawa 
· Successive factors have been achieved by a multi-faceted approach, which includes improved engineering, long-term prevention, extensive disaster education, better warning system and rapid intervention
· Weather-related disasters dominate the lists of most costly Canadian disasters both in terms of total costs and insured costs

“Vulnerability and Risk”
· Vulnerability: 
The likelihood that a community will suffer, both in terms of fatalities and fatalities and physical damage when exposed to hazards
· Risk:
The potential that will lead to a loss (vulnerability × hazard)

“Population Growth”
· Closely linked to increase of life and economic loss related to natural disasters
· Carrying capacity
· Population growth has changed to a linear increase of population with time
· Asia is particularly in danger because of highly dense population and high frequency of geological disasters

“Overreliance on Technology”
· Although technology has resulted in better understanding of natural hazarmsds, overreliance on technology has created new vulnerabilities 
· Modern city-life depends on complex technological networks
· During a natural disaster, the failure of network can result in destructive domino effect
· Ex) power transmission lines, water mains, communications, etc
· Systems are so complex that it is difficult to predict cascading effects of the failure of a single system
· Could lead to a collapse of society

“Poverty and Affluence”
· Poor countries don’t have resources to invest in long-term solutions that would decrease vulnerability
· Poor countries don’t have short-term infrastructure
· In Canada, snow avalanches have increased 

“Social Behavior”
· Practical advice in form of leaflets, evacuation drills and short courses
· Short and crisp messages are more effective for tsunami warning
· Another counterproductive attitude is overreliance on “society” to fix problems in the event of a natural disaster

“How do Canadians prepare?”
· Emergency management is Public Safety Canada (PSC)
· Response is an action taken immediately after emergency
· Intervention by police, medical teams and fire-fighters
· Objective is to get situation under control ASAP
· Recovery takes much longer and aims at getting situation back to normal
· Might take even several decades
· Mitigation and preparedness are long-term actions
· Mitigation is an action to reduce risk
· Preparedness are proactive steps taken to plan for disasters and to put in place the resources needed to cope with them 
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“Important missed-out summary”
· In the last century in Canada, major transportation accidents, technological failures, biological disasters outnumbered natural disasters
· Long-term trend is for economic losses associated with natural disasters to increase
· Tropical storms (7 out of 10) have been most costly
· People are encouraged to be proactive regarding natural disasters by preparing home emergency kit and plan

“Energy Sources of Natural Hazards”
· 4 energy sources
· Earth’s internal energy
· Solar energy
· Gravity
· Impact of extraterrestrial bodies
· The interior of Earth holds tremendous store of heat released primarily from ongoing decay of radioactive elements
· Interior energy flows towards surface
· Short-time spans: earthquakes or volcanoes
· Long-term spans: produced continents, oceans and atmosphere
· Gravity is an attractive force between bodies
· At equal distance, greater the mass, the greater the force
· Snow avalanches and landslides happen because of gravity
· About quarter of Sun’s energy that reaches Earth evaporates and lifts water into atmosphere to begin hydrologic cycle
· At the same time, constant pull of gravity causes snow and rain
· Short-time span – unequal heating of oceans and atmosphere at Earth’s poles versus equator creates density differences in water and air to create storms or strong wind
· Long-time span – sun and gravity wear away continents and dump pieces, and the dissolved remains in seas 
· Solar energy is stored in plant tissues to be released as fire
· Cause meteorological storm, flood, drought and wildfire

“Energy, Force, Work, Power and Heat”
· Energy is ability to do work
· Potential energy = mgh
· Kinetic energy = 1/2mv^2
· Work = Fd
· Power = work / time
· Friction generates heat (form of energy)

“Material Deformation”
· When materials are subjected to sufficient external forces or stress, they deform or undergo strain
· Stress is applied perpendicular to surface of a body
· Causing to stretch under tension or contract under compression
· Shear is applied to parallel to the surface
· Elastic is removable deformation (comes back to original shape)
· Ductile is deformation that occurs and change in shape is permanent
· If stress is applied rapidly, might break into pieces in brittle deformation
· If stress is applied over long time, some solids yield to pressure by deforming and behaving like liquid (plastic-like behavior)
· Viscosity is resistance to flow

“Isostasy”
· It applies a buoyancy to low-density continents and mountain range that literally float on denser mantle below
· Ex) post-glacial rebound affecting Canada and other northern  
        countries
· Surface of Earth is in delicate vertical balance
· Major adjustments and movements occur horizontally

“Internal Sources of Energy”
· Radioactive atoms are unstable and must eject subatomic particles to attain stability
· Nuclear fission is accompanied by release of energy
· Heat generated by nuclear fission within Earth flows to surface via conduction and convection through mesosphere and atmosphere
· Radioactive decay is measured by half-life, which is time needed for half the present number of atoms of radioactive isotope to disintegrate to a decay product

“External Sources of Energy”
· Only small amount of energy from Sun reaches Earth 
· Energy flowing from Earth is insignificant to solar energy
· Energy is also supplied externally via gravitational attractions between Earth, the Moon, and Sun that add tidal energy to Earth
· Incoming meteorites, asteroids and comets impact Earth

“Rock Cycle”
· Rocks are aggregates for 1 or more minerals 
· Mineral = naturally occurring, crystalline substance w/ specific elemental composition & narrow range of physical properties 
· Rock cycle: worldwide recycling of 3 major groups of rocks driven by Earth’s internal heat & energy from Sun
· Linked w/ other cycles (tectonic for heat & energy, biogeochemical for materials & hydrologic cycle for water) 
· Although rocks differ greatly in composition & properties, can be classified into 3 general types/families according to how they formed 
· Crystallization of molten rock produces igneous rock (beneath & on Earth’s surface) 
· Rocks at/near surface break down chemically & physically by weathering to form particles = sediment (transported by wind, water, ice & gravity) 
· When wind/flowing water lackens, ice melts, materials moving under influence of gravity reaches flat surface, sediment = deposited 
· During burial, sediment converted to sedimentary rock by process of lithification (compaction & cementation of sediment during burial)
· With deep burial, sedimentary rocks may be metamorphosed by heat, pressure & chemically active fluids into metamorphic rock (buried to depths where pressure & temperature cause them to melt, beginning entire rock cycle again) 
“Magnitude Prefixes”
· International system of units (SI)
· K = 10^3
· M = 10^6
· G = 10^9
· T = 10^12
· centi = 10^(-2)
· milli = 10^(-3)
· micro = 10^(-6)
· nano = 10^(-9)
· time (sec)
· distance (metre)
· mass – what things are made of (matter) (kg)
· density – mass / volume (d)
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“Stratification”
· Density is important because less-dense materials float on top of denser materials
· The end result is a layering of materials (stratified into layers)
· Atmosphere 
· Exosphere (where hydrogen and helium escape to space)
· Thermosphere
· Stratosphere
· Troposphere (the layer containing storms)
· Oceans
· Surface zone
· Intermediate layer
· Deep and bottom layer
· OR
· Sunlit zone
· Twilight zone
· Dark zone
· Abyss
· Trenches
· Earth
· Lithosphere (solid, crust)
· Asthenosphere (plastic rock)
· Mesosphere (solid rock)
· Outer core (liquid metal)
· Inner core (solid metal)
· OR
· Crust
· Mantle
· Core

“Quantifying rare events: using logarithmic scales”
· Logarithmic graph 
· Where the ordinate (vertical axis) steps by powers of 10. Abscissa (horizontal axis) is linear. Able to notice much of the graph is off scale (too small or large). So use logarithmic graph to notify these scales.

“Disaster Scales”
· Earth
· Ritcher scale (earthquake)
· Modified mercalli scale (earthquake)
· Moment magnitude scale (earthquake)
· Volcano explosivity index (volcano)
· Ocean
· Beaufort scale (wind and waves)
· Saffir-Simpson scale (hurricanes)
· Atmosphere
· dBZ (radar echo intensity of precipitation)
· Fujita scale (tornadoes)
· Torro scale (tornadoes)
· Impacts from space
· Torino scale (meteor strikes)

“Intensity vs Frequency”
· More intense occur less frequently

“Elements and Atoms”
· Elements: building blocks of the world
· Atom: smallest piece of element
· Atoms are made of protons (+), neutrons (neutral), electrons (-)
· # of electrons = # of protons
· Nucleus: center of an atom; holds protons and electrons
· Atomic number: # of protons
· Atomic mass number: # of protons + # of neutrons
· Isotope: versions of element that have same # of protons but different # of neutrons
· Molecule: combination of atoms (neutral overall charge)
· Ionic bond or covalent bond
· Ions: tightly bonded groups of atoms that act as single units in molecule, but not complete molecules because carry a nonzero charge
[image: ]
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“Minerals”
· Naturally occurring solid element or molecule having characteristic crystal and chemical composition
[image: ]
“Crystals”
· Crystal structure: when atoms line up in a regular lattice
· Cleavage: crystals have directions or weakness
· Cleavage planes follow the weakest bonds in the lattice
· Structural failure: failure of the material
· Some cubical shapes: cubic, octahedral, hexagonal column with pyramid

“Phases of Matter”
· Solids are not very fluid and compressible
· Liquids are fluid but not very compressible
· Gases are fluid and compressible
[image: http://www.chemistrytutorials.org/images/stories/matter/phase_change.png]
“Properties of Matter”
· Compressibility is the ability of material to be squeezed or expanded, so that mass fills less or more space
· Results in change in density of object because of volume change
· Fluidity is ability of material to flow (liquid, gas)
· Viscosity is measure of how much fluids resist flowing or changing their shape
· Ductile: very plastic
· Brittle: not plastic

“Energy”
· Energy causes to move or change
· Force pushes or pulls (N)
· Forms of energy
· Work
· Potential energy
· Kinetic energy
· Sensible heat
· Latent heat
· Sensible heat is heat we feel or sense (Q = mc(delta T))
· Latent heat is stored when matter changes phase (Q = L(delta m)
· Latent heat of vaporization is change between liquid and gas
· Latent heat of fusion is change between liquid and solid
· Nuclear reactions create energy by converting mass into energy 
· E = mc^2

“Pressure and Stress”
· Pressure is force per unit surface area, applied perpendicular to the surface
· Stress is force per unit surface area, applied parallel to the surface
· Unit is Pascal (Pa)
· Some objects, when subjected to increasing stress, first deform elastically then deform plastically under larger stress and finally fracture when the stress is too great
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“Energy Conversions and Conservation”
· Energy can easily change in form
· Energy is conserved when it changes the form
· Kinetic energy of asteroid is converted into heat when it hits Earth
· Heat causes water to expand into steam in Earth’s crust, which does work when moving magma
· Potential energy of rocks is converted into kinetic energy when they fall down

“Concentration of Energy”
· In area
· Many energy sources diffuse (weak, but covering a wide area)
· For natural disasters, require concentration of energy in small area 
· In time
· Other energy sources are gradual
· Need long-time to build up natural disasters and release in a short time

“Waves and Turbulence”
· Waves are regular oscillations that propagate in space
· 2 types
· Displacement waves
· Compression waves
· Displacement waves: waves with oscillations perpendicular to propagation direction
· Ex) tsunami, ocean surface waves, seismic waves
[image: ]
· Compression waves: waves with oscillations parallel to propagate direction
· Ex) sound waves
· Oscillation and propagation directions are parallel
[image: ]
· Crest is highest point of a wave
· Trough is lowest point of a wave
· Crest and trough shift their positions by certain distance when waves propagate
· Wavelength is distance from crest to crest of a wave train. For compression waves, wavelength is the distance from one compressed region to the next
· Measure of how big a wave is
· Amplitude is vertical distance from average sea level to crest of a displacement wave. 
· Measure of how strong a wave is
· For compression waves, amplitude is measure of how compressed the compressed regions are
· For sound waves, amplitude is measured by amount of pressure fluctuations caused by waves
· Phase speed is how fast each wave crest or trough moves
[image: ]
· Frequency is measure of how many wave crests or troughs pass a stationary point during fixed time interval
· Each wave represents one cycle (f = 1 / t)
· Wave period is elapsed time from passage of one wave crest or trough to the next crest or trough (t = 1 / f = wavelength / light speed)
· Fir waves, it is energy that propagates, not matter
· Group velocity is speed of energy propagation by waves
· Ex) wake behind a moving ship. The speed that waves move away from centerline of the ship path is group velocity
· Group velocity is speed that energy moves due to waves
[image: ]
· Turbulence consists of random, irregular motions in a fluid (NOT waves)
· No well-defined wavelength due to irregular nature
· Turbulence transport both energy and matter but waves transport only energy


“Growth Rate”
· World population has been undergoing exponential growth
· Doubling time: the number of years for population to double
[image: ]
· Recent (1970-2005) world population growth rate is almost linear – still exponential but the rate is quite low
· Carry capacity of Earth is population that can be sustainably supported within a given domain, given the quantity of food, habitat, natural resources, sanitation and medical care
· Maximum number of people who can survive on Earth given the continued supply of necessities 
· Population that exceeds carrying capacity is being overpopulated
· If carrying capacity is reached, quality of life becomes worse
· Either we limit our population growth and retain our humanity or we savagely compete for scarce resources in the future
· Infrastructure
· Transportation
· Communication
· Utility
· Becoming increasingly vulnerable to natural disasters

“Disaster Prediction”
· At present
· With timely and accurate prediction of natural disasters, more people can be evacuated and saved
· Fixed infrastructure is increasingly destroyed by natural disasters
· In future
· Failure due to natural disasters decreases due to better warning and evacuation systems
· Other than zoning restrictions and improved building codes, property losses will increase because of increasing number of property caused by growing population
· Functionality loss of society due to disruption of infrastructure is where the greatest expanse could lie
[image: ]
· In 50 years,
· Infrastructure becomes more sensitive to natural disasters
· People less likely to evacuate and fatalities increase due to overpopulation
· All natural disasters are normal components of Earth’s evolution
· Earth is NOT a fragile system
· Human population IS a fragile system
image5.emf



6 neutrons). It is a very stable isotope (luckily for us, because we humans are carbon-
based life forms).



Carbon-14 or 14C is an isotope having an atomic mass number of 14 (= 6 protons + 8
neutrons). Carbon-14 is less prevalent on Earth, and is not stable; namely, it gradually
decays with time.



By comparing the relative amounts of 12C to 14C, and knowing the half-life (i.e., the
decay rate) of 14C, one can determine the age of the material.



 



2. Key Elements used in this Course



Elements are often listed in the periodic table. However, in this course, we are concerned with only a portion of known
elements. Thus, instead of presenting the whole periodic table, we will list only the elements that are important for us.



In Table FS.3 below, the first column refers to the name of each element. The next column shows the symbol or
abbreviation used to represent the element.



The last column gives a brief description of how these elements touch our lives. In this description, some elements are
identified as being the (Gco) "greatest component of" a portion of the Earth/ocean/atmosphere system, while others are
identified as being (Aco) "a component of" something. These descriptions, along with the element names and
abbreviations, are important to remember. (You might be tested on which elements are the greatest, second greatest,
etc. elements in a particular system.)



 



Table FS.3 Key elements and their properties



ELEMENT SYMBOL DESCRIPTION



Hydrogen H Smallest atom; Aco water



Helium He Non-reactive (noble gas); made by fusion in sun



Carbon C Aco most life forms on Earth; Aco coal, graphite, diamonds (yes, diamonds
burn; it is not true that "diamonds are forever")



Nitrogen N Gco air; Aco nitric-acid rain



Oxygen O
Gco Earth's crust, 2nd Gco atmosphere; Aco water; very reactive, such as
oxygen-based bleaches, and in combustion of the oxygen in air with other
flammable materials



Sodium Na A very reactive metal; Aco salt in oceans



Magnesium Mg A light metal; reactive; Aco the mineral called dolomite; Aco salt in oceans



Aluminum Al A light metal used in cans, foil, aircraft; reactive; 3rd Gco Earth's crust



Silicon Si A shiny silver-coloured semiconductor; 2nd Gco Earth's crust



Phosphorus P Aco phosphate fertilizers



Sulphur S Yellow; burnt match smell; Aco sulfuric-acid rain; Aco salt in oceans



Chlorine Cl Very reactive (bleaches); Aco salt in oceans
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A mineral is naturally occurring solid element or molecule having a characteristic crystal structure and chemical
composition. Some examples of minerals used in this course are:



Table FS.6 Selected minerals and their properties



MINERAL
NAME



CHEMICAL
NAME FORMULA IMAGE



Silica (quartz) Silicon Dioxide SiO2



Calcite
(limestone)



Calcium
Carbonate



CaCO3



Hematite Iron Oxide Fe2O3



Magnetite Iron Oxide Fe3O4



Pyrite (fools
gold) Iron Disulfide FeS2
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6. Stress causes Strain



Stress tends to strain objects. Thus, if you apply a force parallel to the surface of an object, the object (if not brittle)
tends to deform.



We can now refine our definitions of different types of strain:



An object is elastic if it deforms easily under stress, but springs back when the stress is removed.
An object is plastic if it deforms easily under stress, but remains deformed after the stress is removed.
An object that does not deform easily can fracture under stress.



Some objects, when subjected to increasing amounts of stress, first deform elastically, then deform plastically under
larger stress, and finally fracture when the stress is too great. This is shown in the Stress vs. Strain Curve below.



 



Figure FS.7 A general relationship between stress imposed on
a material and the strain that results.



How do we "read" the information from the curve shown in the Figure above? When stress is imposed on the material in
the region marked as "elastic deformation", strain increases as stress increases, or strain is proportional to stress. This
means that when stress is applied, strain will result. Once stress is removed (stress=zero), strain also becomes zero.
This is what we know as elastic behaviour.



The boundary between elastic and plastic behaviour is the "Yield Point". In the region beyond the yield point, stress on
a material is much greater than in the elastic region. Here, a further increase in stress results in increased strain.
However, it only takes a small increment of stress to increase strain by large amounts. As well, when stress is reduced
or removed, the material returns to normal very slowly. This is plastic behaviour. Note that a very slow response can
sometimes be interpreted as permanent deformation if the response time is too long (thousands to millions of years)
relative to standard observation.



 



7. Sources of Energy



The original sources for the energy that drives disasters on Earth are:
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1. Waves



Waves are regular oscillations that can propagate (shift) in space.



The two wave types we will study in this course are displacement and compression waves.



 



1a. Displacement Waves



Displacement waves are waves with oscillations perpendicular to propagation direction, as shown in the figure below.



Examples of displacement waves are tsunami, ocean surface waves, some seismic (earthquake) waves, a jump rope.



Figure FS.8 Two displacement waves (green and
pink). Read text for a discussion on this wave type.



Suppose the figure above represents surface waves. In this case, the displacement is just the vertical position of the
water surface above or below average sea level. Distance is horizontal distance. Namely, if you are standing on a dock
and look straight down, at some instant in time you might see the crest (highest point) of a wave directly under you (at
distance 0 from your position). You quickly look out across the water, and see the crests of other waves at distances 8
m, 16 m, 24 m, etc. away from the dock. This snapshot of a wave is represented by the green line in the figure.



If you wait a few seconds, the original wave crests all move together, perhaps as shown by the magenta line in the
figure above. Namely, the crests have all shifted their positions by a certain distance (2 m in this example) during the
few seconds. The magenta line represents the same train of waves, after they have propagated (moved or shifted) a
little bit. Surfers utilize this propagation to be pushed by the moving wave, and thus to ride the propagating wave toward
shore.



So for the wave in this example, the waves are propagating from left to right as shown by the movement of the crests.
However, if you were sitting on a boat anchored in the water, you would bob up and down as the waves move past you.
Namely, the displacement direction (up and down) is perpendicular to the propagation direction (left to right). Hence,
this type of wave is a displacement wave.



Another example of a displacement wave is a jump rope. Try this experiment. Two people hold the ends of the rope,
and allow some slack in the rope so it hangs down in a slight arc. The person at one end uses his/her arm to move the
rope up and down quickly. The result is waves in the rope that move toward the other end of the rope. Namely, the
oscillation direction (vertically) is perpendicular to the direction that the waves move (horizontally from one end of the
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  1.   Waves Waves   are   regular   oscillations that can propagate (shift) in space. The   two   wave   types   we   will   study in this course are displacement and compression waves.   1a.   Displacement   Waves Displacement   waves   are   waves with oscillations perpendicular to propagation direction,  as   shown   in   the   figure   below. Examples   of   displacement   waves are tsunami, ocean surface waves, some seismic (earthquake)   waves,   a   jump   rope.

Figure FS.8 Two displacement waves (green and

pink). Read text for a discussion on this wave type.

Suppose   the   figure   above   represents surface waves. In this case, the displacement is just   the   vertical   position   of   the

water   surface   above   or   below  average sea level. Distance is horizontal distance. Namely,   if  you   are   standing   on   a   dock

and   look   straight   down,   at   some instant in time you might see the crest (highest point) of   a   wave   directly   under   you   (at

distance   0   from  your   position). You quickly look out across the water, and see the crests  of   other   waves   at   distances   8

m,   16   m,   24   m,   etc.   away   from the dock. This snapshot of a wave is represented by the green   line   in   the   figure.

If   you   wait   a   few   seconds,   the  original wave crests all move together, perhaps as shown  by   the   magenta   line   in   the

figure   above.   Namely,   the   crests have all shifted their positions by a certain distance (2 m   in   this   example)   during   the

few   seconds.   The   magenta   line represents the same train of waves, after they have propagated   (moved   or   shifted)   a

little   bit.   Surfers   utilize   this   propagation to be pushed by the moving wave, and thus to ride   the   propagating   wave   toward

shore.

So   for   the   wave   in   this   example, the waves are propagating from left to right as shown by   the   movement   of   the   crests.

However,   if  you   were   sitting   on a boat anchored in the water, you would bob up and down   as   the   waves   move   past   you.

Namely,   the   displacement   direction (up and down) is perpendicular to the propagation direction   (left   to   right).   Hence,

this   type   of   wave   is   a   displacement wave.

Another   example   of   a   displacement wave is a jump rope. Try this experiment. Two people   hold   the   ends   of   the   rope,

and   allow   some   slack   in   the   rope so it hangs down in a slight arc. The person at one end   uses   his/her   arm   to   move   the

rope   up   and   down   quickly.   The result is waves in the rope that move toward the other end   of   the   rope.   Namely,   the

oscillation   direction   (vertically)  is perpendicular to the direction that the waves move (horizontally   from  one   end   of   the

Page  34  of  51


image10.emf



rope to the other).



 



1b. Compression Waves



Compression waves are waves with oscillations parallel to the propagation direction, as shown in the figure below.



Examples of compression waves are sound waves, some seismic (earthquake) waves, a slinky toy.



 



Figure FS.9 A compression wave. The areas of
compressed (or most dense) vertical lines
indicate the wave crests while the areas of
widely-spaced lines are the troughs.



Figure FS.10 Compressional wave propagation in a
slinky.



An example of a compression wave is a slinky or spring (refer to Figure FS.10 above). Have a person help you, and
stretch the slinky along a tabletop. You hold one end, and the other person holds the other end. In this configuration,
the metal coils are roughly evenly distributed along the whole length of the slinky. Namely, they are not bunched up at
either end or the middle.



Next, while the other person holds one end of the slinky still, you oscillate your end by pushing and pulling the slinky
end in the same direction as the slinky is stretched. Namely, move your end of the slinky so that it moved toward and
away from the person at the other end of the slinky. When you do this, you create portions of the slinky where the coils
are bunched together (compressed), and other places where they are spread apart (stretched), such as shown in the
figure above (where the lines represent the coils of the slinky as viewed from the side or from above.) The regions of
compressed coils, as shown in the figure above) represent a series of waves in a wave train.



Also, you will see that as you oscillate your end of the slinky, the regions of the compressed coils quickly moves down
the slinky toward the person holding the other end. Namely, you are seeing waves that propagate down the slinky. The
oscillation direction (you are moving your hand toward and away from the other person), and the propagation direction
(the regions of compressed coils are moving toward the other person) are parallel. Hence, these waves are
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rope to the other).   1b.   Compression Waves Compression waves are waves with oscillations parallel   to   the   propagation   direction,   as   shown   in   the   figure   below. Examples of compression waves are sound waves, some   seismic   (earthquake)   waves,   a   slinky   toy.  

Figure FS.9 A compression wave. The areas of

compressed (or most dense) vertical lines

indicate the wave crests while the areas of

widely-spaced lines are the troughs.

Figure   FS.10   Compressional   wave   propagation   in   a

slinky.

An example of a compression wave is a slinky or spring  (refer   to   Figure   FS.10   above).   Have   a   person   help   you,   and

stretch the slinky along a tabletop. You hold one end, and   the   other   person   holds   the   other   end.   In   this   configuration,

the metal coils are roughly evenly distributed along the whole   length   of   the   slinky.   Namely,   they   are   not   bunched   up   at

either end or the middle.

Next, while the other person holds one end of the slinky  still,   you   oscillate   your   end   by   pushing   and   pulling   the   slinky

end in the same direction as the slinky is stretched. Namely,   move   your   end   of   the   slinky   so   that   it  moved   toward   and

away from the person at the other end of the slinky. When   you   do   this,   you   create   portions   of   the   slinky   where   the   coils

are bunched together (compressed), and other places where   they   are   spread   apart   (stretched),   such   as   shown   in   the

figure above (where the lines represent the coils of the slinky   as   viewed   from  the   side   or   from  above.)   The   regions   of

compressed coils, as shown in the figure above) represent   a   series   of   waves   in   a   wave   train.

Also, you will see that as you oscillate your end of the 

slinky,

  the   regions   of   the   compressed   coils   quickly   moves   down

the slinky toward the person holding the other end. Namely,   you   are   seeing   waves   that   propagate   down   the   slinky.   The

oscillation direction (you are moving your hand toward and   away   from  the   other   person),   and   the   propagation   direction

(the regions of compressed coils are moving toward the  other   person)   are   parallel.   Hence,   these   waves   are
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compression waves, NOT displacement waves.



When you talk, your vocal cords make a train of air compressions and expansions that propagate through the air at the
speed of sound. When these compression waves reach someone's ears, they move the ear drum, which is connected
by a series of small bones to nerves that sense the movement that we hear as sound.



Note that with a slinky, you can also make displacement waves, by moving your end of the slinky left and right instead
of pushing it in and out. So with a slinky you can make either kind of wave.



 



2. Wave Metrics



Wave metrics refers to aspects of the wave that can be measured, to help us describe its characteristics. This allows us
to answer questions such as: how big is the wave, how strong is it, and how fast is it moving. The figure below
illustrates some of these metrics.



Figure FS.11 Measurable characteristics of a wave. See next pages for details.



 



2a. Wavelength (L) or (Ȝ)



Wavelength is the distance from crest to crest of a wave train, at one instant in time. For compression waves, the
wavelength is the distance from one compressed region to the next. This is one measure of how big a wave is.



It is measured in distance units per each wave cycle (i.e., from crest through trough and back to crest). Namely, the
units are m/cycle for normal ocean waves, and km/cycle for tsunami. For short, we often leave out the word “cycle”, and
just give the wavelength in distance units (m or km).



We sometimes use the symbol Ȝ or L to represent wavelength. You get the same measurement if you measure the
distance from trough to trough, where the trough is the lowest point.
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FOR EXAMPLE: Suppose you tie one end of a jump rope to a crankshaft of a small
electrical generator. If you hold the other end of the rope and oscillate it up and down,
then you are doing work (and getting tired) and are putting this work energy into the
waves. The waves carry this energy to the crankshaft, which then generates electrical
energy.



A similar concept can be used to generate electricity by having a float on the ocean near shore. As ocean waves carry
their energy toward the shore, the float is pushed up and down. This float can be connected to a crankshaft to generate
electricity.



But back to the jump-rope example. Suppose you mark the middle of the rope with a colored pen or a piece of tape. As
you oscillate the rope and create waves, the mark moves up and down as each wave passes, but the marked portion of
rope does NOT move toward the other end of the rope. Namely, the material in the rope is NOT propagating down the
rope, only the energy is.



 



3b. Group Velocity



The speed of energy propagation by waves is called the group velocity. For some waves, the group velocity can be
different from the phase velocity. A classic example of these different speeds is the wake behind a moving ship (see
figure below).



Figure FS.12 An illustration of the difference between group velocity and phase speed.



Perhaps you have stood near the stern of a ship, and watched the waves created by the ship as it moves across a
nearly calm water surface. In the figure above, individual wave crests are shown with the short blue lines, and the
amplitude of each wave is indicated by the line thickness. As shown in the figure, you will often see two regions of
waves that gradually spread away from the centerline path of the ship as the ship moves along. Namely, there is a
group of waves to the left of the wake centerline, and another group to the right, and the distance between these two
groups of waves increases as you look further behind the ship.



The speed that each group of waves moves away from the centerline of the ship path is called the group velocity. For
these ocean waves it is fairly slow.



However, if you look at the individual waves in one of the groups, such as the waves in the section A-B in the figure
above, then you will notice that the individual wave crests move at a faster phase speed from B toward A than the
whole group moves. You can notice this because wave crests seem to appear out of nowhere from B, and grow in
amplitude as they move toward the middle of the wave group between B and A, and then diminish and completely
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FOR   EXAMPLE: Suppose you tie one end of a jump rope to a crankshaft   of   a   small electrical   generator. If you hold the other end of the rope and oscillate it up   and   down, then   you   are   doing work (and getting tired) and are putting this work energy   into   the waves.   The   waves carry this energy to the crankshaft, which then generates   electrical energy. A   similar   concept   can   be   used to generate electricity by having a float on the ocean near shore.   As   ocean   waves   carry their   energy   toward   the   shore, the float is pushed up and down. This float can be connected   to   a   crankshaft   to   generate electricity. But   back   to   the   jump - rope   example. Suppose you mark the middle of the rope with a colored   pen   or   a   piece   of   tape.   As you   oscillate   the   rope   and   create waves, the mark moves up and down as each wave passes,   but   the   marked   portion   of rope   does   NOT   move   toward  the other end of the rope. Namely, the material in the rope is NOT   propagating   down   the rope,   only   the   energy   is.   3b.   Group  Velocity The   speed   of   energy   propagation by waves is called the group velocity. For some waves, the   group   velocity   can   be different   from  the   phase   velocity. A classic example of these different speeds is the wake behind   a   moving   ship   (see figure   below).

Figure   FS.12 An illustration of the difference between group velocity and phase   speed .

Perhaps   you   have   stood   near the stern of a ship, and watched the waves created by the ship   as   it  moves   across   a

nearly   calm   water   surface.   In  the figure above, individual wave crests are shown with the short   blue   lines,   and   the

amplitude   of   each   wave   is   indicated by the line thickness. As shown in the figure, you will 

often

  see   two   regions   of

waves   that   gradually   spread   away from the centerline path of the ship as the ship moves along.   Namely,   there   is   a

group   of   waves   to   the   left   of   the wake centerline, and another group to the right, and the distance   between   these   two

groups   of   waves   increases   as you look further behind the ship.

The   speed   that   each   group   of waves moves away from the centerline of the ship path is called   the   group   velocity.   For

these   ocean   waves   it  is   fairly  slow.

However,   if  you   look   at   the   individual waves in one of the groups, such as the waves in the section   A - B   in   the   figure

above,   then   you   will   notice  

that

 the individual wave crests move at a faster phase speed from  B   toward   A   than   the

whole   group   moves.   You   can  notice this because wave crests seem to appear out of nowhere   from  B,   and   grow   in

amplitude   as   they   move   toward the middle of the wave group between B and A, and then diminish   and   completely
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Figure FS.13 World population estimates from 1800 to 2100, based on UN 2010
projections (red, orange, green) and US Census Bureau historical estimates
(black). According to the highest estimate, the world population may rise to 16
billion by 2100; according to the lowest estimate, it may decline to only 6 billion.
The projected population for the year 2050 is 9.3 billion. Plot from Wikipedia



 



1b. Doubling Time



Doubling time is the number of years for the population to double. There is a simple formula for this:



 



FOR EXAMPLE:



Given a growth rate of 1.16% per year, the doubling time for population is
ǻT = 70 / 1.16 = 60.3 years
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Figure FS.14 A cost analysis for natural disasters in terms of fatalities
and loss of functionality and property.



B. However, other than some zoning restrictions and improved building codes, property losses will increase simply
because of the increasing number and value of property in the world as population expands into ever-more-
marginal locations.



C. But the functionality loss of our society due to disruption of our infrastructure is where the greatest expense could
lie. This will be where society will likely suffer its greatest losses in the next 20 to 50 years.



 



3c. Increasing Sensitivity to Natural Hazards`



Fifty years from now and further in the future, as population continues to grow toward the eventual equilibrium state, we
will likely find that:



Infrastructure becomes even more sensitive, and fails for long periods in large areas.
People are less likely to be evacuated successfully, so fatalities will increase.
When all factors are taken together, the functionality of human society is in jeopardy. This is primarily due to
overpopulation.



An interim goal during this transition period (i.e., in the present century) when the population is still growing but at a
reducing rate, is:



A sustainable society, resilient to natural hazards.



 



4. Conclusions



Earthquakes, volcanoes, lahars, hurricanes, tornadoes, floods, tsunami, asteroid impacts ...



...are NOT disasters to the Earth. They are normal components of Earth's evolution.



Thus, we conclude that:
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Figure FS.14 A cost analysis for natural disasters in terms of fatalities

and loss of functionality and property.

B .  However,   other   than   some zoning restrictions and improved building codes, property losses   will   increase   simply

because   of   the  

increasing

 number and value of property in the world as population expands   into   ever - more -

marginal   locations.

C .  But   the   functionality   loss of our society due to disruption of our infrastructure is where the  greatest   expense   could

lie.   This   will   be   where   society will likely suffer its greatest losses in the next 20 to 50 years.

 

3c.   Increasing   Sensitivity  to Natural Hazards`

Fifty   years   from  now   and  

further

 in the future, as population continues to grow toward the eventual   equilibrium   state,   we

will   likely   find   that:

Infrastructure   becomes   even more sensitive, and fails for long periods in large areas.

People   are   less   likely   to be evacuated successfully, so fatalities will increase.

When   all   factors   are   taken together, the functionality of human society is in jeopardy. This  is   primarily   due   to

overpopulation.

An   interim   goal   during   this   transition period (i.e., in the present century) when the population is still   growing   but   at   a

reducing   rate,   is:

A sustainable society, resilient to natural hazards.

 

4.   Conclusions

Earthquakes,   volcanoes,  

lahars,

 hurricanes, tornadoes, floods, tsunami, asteroid impacts ...

...are   NOT   disasters   to   the   Earth. They are normal components of Earth's evolution.

Thus,   we   conclude   that:
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1 millennium = 1000 yr = 1000 a



We can use these time units and prefixes to describe some important events in the Earth's evolution:



Age of Earth = 4.57 billion years = 4.57 Ga
Age of oceans = 4.3 Ga
Age of present ocean basins = 200 million years = 200 Ma (when supercontinent Pangaea broke-up into the
present-day continents)
Time before present when life begins = 3.8 Ga



Time can also be used to quantify how many disasters involve a sudden release of large amounts of energy, even
though the energy supply is initially very slow. Thus the energy must first be concentrated, but this takes time. In the
examples in the table below, the build-up time is greater than the release time.



Table FS.1 Time scale of build up and release of energy during natural disasters



DISASTER BUILD-UP RELEASE



Earthquakes years minutes



Volcanoes decades days



Hurricanes months days



Thunderstorms hours minutes



Rogue waves hours seconds



Landslides days seconds



Meteor Impact millennia seconds



Some of the disasters above inject so much energy in a short time, that subsequent events are triggered over longer
times that can still be devastating. Namely, even after spreading or dilution of the initial energy release, the effects can
still threaten lives and property:



Table FS.2 Timescale of build up and release of energy during disaster events



INITIAL CAUSE DISASTER BUILD-UP RELEASE



Earthquake Tsunami minutes hours



Thunderstorm Floods hours days



Namely, for these cases the build-up time is less than the release time.



Later in the course, we will study some other disasters such as:



Storm surges
Lahars



After you study these, think about the relevant time scales.



 



3. Space or Distance
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1  millennium = 1000 yr = 1000 a We  can   use these time units and prefixes to describe some important events in the Earth's evolution: Age of Earth = 4.57 billion years = 4.57 Ga Age of oceans = 4.3 Ga Age of present ocean basins = 200 million years = 200 Ma (when supercontinent Pangaea broke-up into   the present-day continents) Time before present when life begins = 3.8 Ga Time   can also be used to quantify how many disasters involve a sudden release of large amounts of energy,  eventhough   the energy supply is initially very slow. Thus the energy must first be concentrated, but this takes time. In   the examples in the table below, the build-up time is greater than the release time.

Table FS.1 Time scale of build up and release of energy during natural disasters

DISASTER BUILD-UP RELEASE

Earthquakes years minutes

Volcanoes decades days

Hurricanes months days

Thunderstorms hours minutes

Rogue waves hours seconds

Landslides days seconds

Meteor Impact millennia seconds

Some   of  the disasters above inject so much energy in a short time, that subsequent events are triggered over longer

times   that can still be devastating. Namely, even after spreading or dilution of the initial energy release, the effects   can

still   threaten lives and property:

Table FS.2 Timescale of build up and release of energy during disaster events

INITIAL CAUSE DISASTER BUILD-UP RELEASE

Earthquake Tsunami minutes hours

Thunderstorm Floods hours days

Namely,  for these cases the build-up time is less than the release time.

Later   in   the course, we will study some other disasters such as:

Storm surges

Lahars

After   you study these, think about the relevant time scales.
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1 millennium = 1000 yr = 1000 a



We can use these time units and prefixes to describe some important events in the Earth's evolution:



Age of Earth = 4.57 billion years = 4.57 Ga
Age of oceans = 4.3 Ga
Age of present ocean basins = 200 million years = 200 Ma (when supercontinent Pangaea broke-up into the
present-day continents)
Time before present when life begins = 3.8 Ga



Time can also be used to quantify how many disasters involve a sudden release of large amounts of energy, even
though the energy supply is initially very slow. Thus the energy must first be concentrated, but this takes time. In the
examples in the table below, the build-up time is greater than the release time.



Table FS.1 Time scale of build up and release of energy during natural disasters



DISASTER BUILD-UP RELEASE



Earthquakes years minutes



Volcanoes decades days



Hurricanes months days



Thunderstorms hours minutes



Rogue waves hours seconds



Landslides days seconds



Meteor Impact millennia seconds



Some of the disasters above inject so much energy in a short time, that subsequent events are triggered over longer
times that can still be devastating. Namely, even after spreading or dilution of the initial energy release, the effects can
still threaten lives and property:



Table FS.2 Timescale of build up and release of energy during disaster events



INITIAL CAUSE DISASTER BUILD-UP RELEASE



Earthquake Tsunami minutes hours



Thunderstorm Floods hours days



Namely, for these cases the build-up time is less than the release time.



Later in the course, we will study some other disasters such as:



Storm surges
Lahars



After you study these, think about the relevant time scales.
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1  millennium = 1000 yr = 1000 a We  can   use these time units and prefixes to describe some important events in the Earth's evolution: Age of Earth = 4.57 billion years = 4.57 Ga Age of oceans = 4.3 Ga Age of present ocean basins = 200 million years = 200 Ma (when supercontinent Pangaea broke-up into   the present-day continents) Time before present when life begins = 3.8 Ga Time   can  also be used to quantify how many disasters involve a sudden release of large amounts of energy, even though   the energy supply is initially very slow. Thus the energy must first be concentrated, but this takes time.   In   the examples  in the table below, the build-up time is greater than the release time. Table FS.1 Time scale of build up and release of energy during natural disasters DISASTER BUILD-UP RELEASE Earthquakes years minutes Volcanoes decades days Hurricanes months days Thunderstorms hours minutes Rogue waves hours seconds Landslides days seconds Meteor Impact millennia seconds Some   of   the disasters above inject so much energy in a short time, that subsequent events are triggered over   longer times   that  can still be devastating. Namely, even after spreading or dilution of the initial energy release, the effects   can still   threaten lives and property:

Table FS.2 Timescale of build up and release of energy during disaster events

INITIAL CAUSE DISASTER BUILD-UP RELEASE

Earthquake Tsunami minutes hours

Thunderstorm Floods hours days

Namely,  

for

 these cases the build-up time is less than the release time.

Later   in   the course, we will study some other disasters such as:

Storm surges

Lahars

After   you   study these, think about the relevant time scales.
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Argon Ar Argon is the third most common gas in the Earth's atmosphere



Potassium K Very reactive metal; Aco salt in oceans



Calcium Ca Aco limestone, bones, sea shells, salt in ocean



Titanium Ti A strong, light metal, often used in military aircraft and some computer
cases and eyeglass frames



Manganese Mn A metal like iron



Iron Fe
A strong metal that is often combined with carbon to make steel; used in
cars and in the steel beams and rebar of structures; Gco Earth's core; Aco
meteorites; can become magnetic; 4th Gco Earth's crust



Iridium Ir rare element, found in meteorites



 



SURVEY QUESTION: Which single element do you feel you could NOT live without?



A) Oxygen
B) Carbon
C) Hydrogen
D) Silicon
E) Other



 



RECALL: Complete the summary table. A few cells have been filled to get you started.



ABUNDANCE EARTH'S CORE EARTH'S CRUST OCEAN ATMOSPHERE



Most abundant iron, Fe    



2nd abundant   hydrogen, H  



3rd abundant (unknown) aluminum, Al  argon, Ar



 



3. Molecules and Ions



Molecules. Atoms can combine to make molecules (compounds). The subscript in a chemical formula indicates number
of atoms in a molecule. Normally, molecules have neutral overall charge (namely, the number of protons equals the
number of electrons).



Some molecules are held together by ionic bonds, where valences sum to zero. For this type of bond, one atom such
as a metal loses one or more electrons (to leave itself positively charged) and gives them to another atom in the
molecule (which becomes negatively charged). One common example is table salt, halite.



Other types of bonds are covalent bonds where electrons are shared between different atoms in a molecule. In the
examples given in Table FS.4 below, the bonds between the atoms in a molecule are indicated with a single line for a
single bond (–), a double line for two bonds (=), and a triple line for three bonds. Each bond represents one pair of
electrons being shared. The superscripts indicate the valences (as listed earlier in the list of important elements), and
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Argon Ar Argon is the third most common gas in the Earth's atmosphere Potassium K Very reactive metal; Aco salt in oceans Calcium Ca Aco limestone, bones, sea shells, salt in ocean Titanium Ti A strong, light metal, often used in military aircraft and some computer cases and eyeglass frames Manganese Mn A metal like iron Iron Fe A strong metal that is often combined with carbon to make steel; used in cars and in the steel beams and rebar of structures; Gco Earth's core; Aco meteorites; can become magnetic; 4th Gco Earth's crust Iridium Ir rare element, found in meteorites   SURVEY QUESTION: Which single element do you feel you could NOT live without? A) Oxygen B) Carbon C) Hydrogen D) Silicon E) Other   RECALL: Complete the summary table. A few cells have been filled to get you started.

ABUNDANCE EARTH'S CORE EARTH'S CRUST OCEAN ATMOSPHERE

Most abundant iron, Fe      

2nd abundant     hydrogen, H  

3rd abundant (unknown) aluminum, Al   argon, Ar

 

3.   Molecules and Ions

Molecules. Atoms can combine to make molecules (compounds). The subscript in a chemical formula indicates number

of atoms in a molecule. Normally, molecules have neutral overall charge (namely, the number of protons equals the

number of electrons).

Some molecules are held together by ionic bonds, where valences sum to zero. For this type of bond, one atom such

as a metal loses one or more electrons (to leave itself positively charged) and gives them to another atom in the

molecule (which becomes negatively charged). One common example is table salt, halite.

Other types of bonds are covalent bonds where electrons are shared between different atoms in a molecule. In the

examples given in Table FS.4 below, the bonds between the atoms in a molecule are indicated with a single line for a

single bond (–), a double line for two bonds (=), and a triple line for three bonds. Each bond represents one pair of

electrons being shared. The superscripts indicate the valences (as listed earlier in the list of important elements), and
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