Lecture 7: Statics and Dynamics of Air and Water:  Review: Have looked at First Law-H....=.........-A Controlled Mass interacts with the outside world by conduction and radiation and we have looked at a variety of examples-The importance of boundaries-The difficulty, at times, in distinguishing heat from work. Controlled Mass:-On Earth, air and water and exchanges between the two are extremely important.-Humidity (as you will calculate in PPS3) is hugely important-Clouds are incredibly important energy storage devices-Interaction of wind, with clouds gives rise to precipitation, storms, river run-off, currents and waves.-All of it comes from photons from the sun and the way in which the energy is dissipated ( all of this comes from nuclear fusion).-Clouds; condensation, heat being released, air risesall reasons why we experience turbulence-Interaction because of photons from the sun.
Air – Equations of State:- Air pressure is a function of volume and temperature.Water: Water is a really unusual substance in the way in which its properties change as a function of temperature.-With air, for example, as the temperature goes up the density decreases.-Indeed, this is the case for metals too.-When you heat water, atoms hit each other, air expands and density decreases-Density of water is max at 4C-Water as a solid is less dense than water as a liquid-gets more dense as it cools - until it reaches a point where it rapidly becomes less dense!-It dissolves many inorganic materials as well as organic ones.-Organisms can build macromolecules to attract or repel water as needed simply by varying the charge on side chains-Water exists primarily as a liquid at normal temperatures, yet a significant amount can often be found in the atmosphere-The surface tension of water helps it climb trees and support small organisms.-It limits the amount of the “toxin” oxygen that can reach an organism, yet usually carries just enough O2 to support cellular respiration.-Large bodies of water heat and cool so slowly that they effectively insulate the organisms within them from daily (and sometimes seasonal) temperature changes.-And, of course, water and its ability to store and move heat controls much of the weather on our planet.-WHY density max at 4C: when water gets to low temp, it moves slowly, molecules move slowly, it forms priece structure, starts to line itself to crystallize and that particular solid structure puts molecules further apart than in liquid form.Salinity:as salinity increases, density increases at constant temp. Bulk Modulus: -Bulk modulus of a substance (K) is the amount of pressure needed to reduce its volume by a factor of e -A measure of a substances resistance to compression. -Relatively small for gases. -E.g. water = 2.2 X 109 Pa = 1.01 X 105 Pa -Says that basically, water can be considered incompressible for relevant systems Water Properties: -Small incompressibility change can impact waves, for example. -For most purposes, on Earth, the most important properties that impact the density of water are the temperature effect and the salinity effect -For industrial systems, properties of steam are very important but not so much for Earth -Properties of ice can be important in certain places-movement of plate tectonics compresses waterTsonami-you need a change in pressure to drive a change in a static system. What about Dynamics?-Fluids at rest can only be moved by a force and that force is a change in pressure.-Pressure can be changed by gravity e.g. the weight of water (air too)-Containment; if you try to squeeze, say, an extra litre of water into a confined cubic meter volume of water, the pressure will increase by about 1 Mpa.-Earthquakes transmit power to waves, for example, because of compressibility effects.-Sun is large enough to squeeze helium & other particles together to produce energy which are in balance with gravity. 
-Most of the things that we are interested in are gravity related effects 
-Pressure reflects accumulation of gravitational forces. -It’s true on Earth. It’s true in the Sun. First some “Statics” :-Fluids can exert a pressure normal to any contacting surface -Hydrostatic pressure is the pressure exerted by a fluid at equilibrium due to the force of gravity-There are straightforward formulas to calculate this: 𝑃=𝜌𝑔ℎ+𝑃(𝑎𝑡𝑚)  Or -𝑃=𝛾ℎ where 𝛾=𝜌𝑔 (𝛾 is the specific weight) -For fresh water 𝛾 = 9800 Nm-3 -𝑃=𝜌𝑔ℎ:.What this says is that the rate of accumulation of pressure is proportional to the weight of the fluid..In water, therefore, for every 10 m you get an extra atmosphere of pressure.-Deepest part of the ocean is the Marianas Trench (10.91 km . Deeper than Mt. Everest is high)-Pressure > 1000 atm-This is why pressure decreases as you go up-i.e. You don’t have as much weight of “stuff” to support.-Exerting a pressure normal to the surface of a column of water will not cause it to move. -It will only move under the presence of a “shear stress.-Stated in simple English, “Shear stress is a stress state where the stress is parallel to the surface of the material, as opposed to normal stress when the stress is vertical to the surface. Different liquids: Which liquid is the most dense? 3 is the most dense For the smallest change in depth you get the biggest pressure differenceWhat Can Cause Flow? Changes in Density What can cause changes in density? Salinity and Temperature-Everything that drives patterns on earth is from the sun-sun’s intensity not uniformly distributed with different latitudes-Excess energy(weather changes) @ equator & deficit @ the sides - Flow is caused by an imbalance in the “statics,” a differential in hydrostatic forces- Earth is not heated uniformly and this drives convection.-Differential heating causes a global circulation path. An Example: F2 is more dense than F1- Greater pressure on RHS than LHS will result in motion-barrier in middle separating F2 from F1-Density might be different due to temperature or salinity.-motion from right to left since denser material pushes less dense material out of the way where barrier is liftedget a convection cycle by gravity After all the Mixing has Settled Down
- If it was a temperature driven density or pressure imbalance, then the two stratified layers will have different temperatures.- Less dense layer will be on top- In the case of water, whether the top layer is colder or warmer depends on the temperature What happens if top Layer is More dense?- This situation is not stable, but why?-In both cases, displacement h1 and displacement h2, the driver is for inversion-At h1P2<P1 and vice versa at h2-you can balance water with heavy medium if no disturbances-however we have a ripple Where are These Kinds of Effects Seen in Nature - Lakes in Canada - This massive movement (turnover) of mass takes place twice per year - In spring most lakes undergo a sudden transformation after the ice melts and the water starts to warm up a bit- In the arctic phase changes (freezing) drives something called a “thermo-haline” system
• Water just below ice becomes very concentrated in NaCl – hence more dense than the water below it. This drives movement.- Water is drawn in at the peripheries of the ice as heavy, very saline, water drops.- Instabilities happen when things are side by side-Ice falls in spring since penetrating sunlight makes water below ice warm to the point where this ice becomes denser than the water and slides downsudden inversion and flipping over due to change in density-process of freezing excludes the salt to create stable structures-layer under ice has a high salinity-salt water drops down and sucks in water from sides causing a thermo-haline structure Differential Heating-Sea Breeze :-Day time -Warm air rises -Temperature gradient between land & water -Horizontal pressure gradient moves air from H to L –Large body of water vs.that of land-water has a high heat capacity; it can absorb a lot of heat and undergo a small change in temperature-Earth tends to be opaque, they absorb visible light and penetrations are small-tremendous difference in temperature between land and ocean-when air warms up it becomes less dense and rises-water is less dense when warmer and around.-when source of radiation goes away the store of photons remainshelps water to maintain a very small change in temp at night time-earth has a small heat capacity, air rises and drives a convection cycle in other direction, earth cools very quickly Land Breeze: Night Time: opposite happens because land cools faster than water-during relatively calm clear nights the land cools down faster than the sea, so the air above it becomes denser than the air over the sea, and sinks down towards the coast.Differential Heating:-This day/night differential heating, in regions in the vicinity of water and land give rise to more persistent weather patterns as well. –Ex: monsoons-more energy at one palce compared to another causes big difference Differential Heating @ equator: Convection cycle all around equator between 30 latitude south and 30 latitude north EQNS: -Looked at different forms of energy:-KE = ½ mv2 
-PE = mgh (gravitational) and = mc2 (nuclear) -Radiant energy = hc/λ -Sensible heat = mCT (where C is specific heat) -Latent heat = 2.5 MJkg-1 (evaporation/condensation) and 0.335 MJkg-1 for fusion. Really a form of potential energy -Learned that water and air are the most important energy carriers -PV = nRT -P = absolute pressure (Pa)-Volume (m3) -n = number of moles-R = universal gas constant (8.314 Jmol-1K-1) -T = absolute temperature (K◦ ) 𝑃=𝜌𝑅𝑠𝑝𝑇-Where 𝜌 = density-And 𝑅𝑠𝑝=𝑅𝑀 = 287 for air -Easy to derive certain relationships using the molar form of the idea gas law-E.g. 𝜌=𝑃𝑅𝑇= 101300 Pa/(287 X 193)= 1.2 kgm-3-𝜌𝑠=1000+0.8𝑆-Where 𝑆=𝑆𝑎𝑙𝑖𝑛𝑖𝑡𝑦-Average salinity of sea water is about 35, so average density of oceans is about 1028 kgm-3 LECTURE 8: BUOYANCY INDUCED MOTION FLAME ON EARTH-Example of buoyancy driving motion (flame burns, heats the air, air rises and is replaced by cool surrounding air which continues to provide oxygen supply)-FLAME IN SPACE-Hydrocarbon and oxygen will burn but no driving force upwards-Diffusion feeds flame with oxygen allowing CO2 to move away from point of combustion-Diffusion really weak compared to buoyancy induced motion(therefore, flame looks as it is falling) STABLE SITUATION- Lake reversal: happens at 4C, happens only is fresh water, not in salt water because it is more stable and freezes at lower temperature. At 4 ͦ C things can become unstable-No such instability with salt water, at least not temperature induced DIFFERENTIAL HEATING Anything that causes differential heating in a fluid will result in a density/pressure difference (sea breezes and Monsoons) Differential heating as a function of latitude drives a pressure differential and is responsible for all of the large air circulation patterns on our planet HADLEY CELL: At equator, air warms up, creates difference in temperature and density, then the warm, moist air rises, then it condenses-and release latent heat, which drives the buoyancy induced cycle-Motion of air on our rotating planet, causes a deflection to the west-Hadley Cell and polar cell are driven by differences in heat. Ferrel cell is driven by contact with the Hadley and Polar cells( by friction)- Westerlies:  Go from west to east (temp driven) Easterlies: Go east to west (temp driven)Walker Cell: A Result of equatorial motion of the Westerlies the air rises from the West and descends in the east-El-Nino: air rises from eastern pacific and goes west and descends, which then rises up and continues towards western pacific-In General, wherever you have differential heating you will have convection cellsWHAT ABOUT OCEAN CIRCULATION?- Due to buoyancy effects. Thermocline, this region where temperature changes rapidly over a short distance-It is very stable. Less dense water on top of more dense water -So there should not be much mixing at all.-Why does the Ocean circulate: Because, poles have ice, the ice structure does not contain salt, so when water freezes the salt that is left mixes with water called (brine), the density of brine is greater than water so it sinks and is replaced by water from the sides- Thermohaline Circulation System: It is a density effect, driven by temperature that is driven by salt-Gulf Stream alone is estimated to carry about 1.4 PW of energy - Gulf Stream: starts at Caribbean and end at England-If glaciers melt, ocean circulation stops UNDERSTANDING BUOYANCY-As parcel of air heats up, it rises and expands, its pressure drops. Therefore, it does work.-Assume that the air is dry.- Parcel of air does work by releasing sensible heat. The parcel of air’s pressure drops as it does work and the temperature drops. DRY ADIABATIC LAPSE RATE: Loss in temperature as a function of height: Deviation: as a packet of air goes up, the temperature stays constant, this is because of condensation (latent heat is released, therefore temperature stays constant)Cumulous clouds: form from hot moist parcel rising then condensing Water vapour as a major energy carrier: Below 20-21C(71F) humidity makes you feel colder while above that temp humidity makes you feel hotter. TheWater Cycle- Where did the water come from?- Bio--‐chemical,residual, comets,photosynthesis –Earth’s water (fresh water 3%, saline(oceans) 97%)Fresh water(Icecaps and glaciers 68.7%, ground water 30.1%, other(water locked in permafrost and ground ice) 0.9%)fresh surface water (other)(lakes 87%, swamps 11%, rivers 2%)Energy Content:78/342 is locked in water vapour The great lakes:exporting water to US problem why?:some great lakes are not replaced once its gone its gone-98% from it is from ice age when glaciers melted.Evaporation:water vapour has moving ymoleculesmore kemore movementmore temperature–some molecules escape increasing humidity of air above water increases moisture level until a certain point-some molecules move back also, if balance is upwards you have more moisture, if balance downwards less moisture-water from lake Ontario evaporates and freezes (jean). Now Where does the moisture go?- When is the air ‘full’?- Energy added to the overall air mass- BUT air actually gets lighter: H2O<N2+CO2- Condensation nuclei makes it rain-if moisture into atm(N2,O2,CO2), the molecular weight of air per given volume drops as moisture level increases-once you get enough mass of water in condensation nuclei you get a rain drop. How to define humidity? Humidity is a measure Of the amount of water vapour in air Logic Says– Density i.e. Absolute Humidity = Mass of vapour / Air volume (g/m3) BUT air’s volume will change with temperature and therefore ‘humidity’ Changes too yet no change in amount of water vapour - BETTER to focus on mass Specific Humidity= Mass of vapour / Total air mass (g/kg Or no dims.) OR Mixing Ratio= Mass Of vapour / Mass of dry air (g/kg Or no dims)Related to where you are:-At STP)1atm 25C)1kg of air in 0.86 m3-so at 45 latitude 0.86 m3 contains 6.5g of water-latitude related-greatest amount of sun at equator most water vapor-latitudes of deserts are at 30 degrees, and doesn’t take into account temp increase with humidity-moisture in skin, moisture low in atmmoisture sucked out from skinyou are dehydrated What is air pressure? Pressure exerted by a column of air(mmHg, Pa, mmH2O)Vapour mass and pressure: - Dalton’s Law of Partial Pressure Total Pressure exerted by a gas = Sum of pressures of component gases e.g. Pair = 10,000 Pa Air Made up of 78% N2 21% O2 1% H2O So PN2 = 7,800 Pa PO2 = 2,100 Pa PH2O = 100 Pa - And so air pressure is a direct measure of the moisture content of air: E = Actual Vapour Pressure-more Pin than Pout in balloon so it holds its shape-we don’t have 100% O2 because if anyone lights anything then it will blow-at 21% you can burn something without it combusting simultaneously-concentration: increasing amount of water vapour in air leads to an increase in partial pressure-more moisturemore pressure in air-high pressuregood weatherbright, clean, dry air-low pressuredrives rain, bad weather (Pressure overrides measurement of humidity)-When and how is the air full?-Point of equilibrium:molecules in vs.molecules out-high temperature=more volume, more energetic water molecules-E* is the saturated vapour pressure-higher temperaturemore water vapour air can containwarmeroccupies more volumecan hold more air-0% RH at x-axis Relative Humidity: Relative Humidity= Actual vapour pressure/saturation vapour pressure-RH=E/E*-Also: RH=mixing ratio/saturated mixing ratio-Relative Humidity changes daily:Red line(temp), green line(RH)- we have a fixed amount of moisture in the airair expands, and we have a counter cyclical behavior-geo frost forms at middle of night- RH increases as temp decreases till it hits 100% RH then it freezes.LEC 10-11:-Boiling: Why does water boil?- When pressure of vapour being evaporated from water = Atmospheric pressure, boiling occurs - BEFORE boiling point, molecules escape and bubbles do not form: Pbubbles < Pair At Boiling point Pvap = Pair ….so Bubbles do not burst-Pressure decreases with altitude-Boiling point changes depending on altitude your atdepends on saturated vapour pressure(VP<SVP, SVP forming at surface of boiling moisture leaving surface has P=Pair above it which can hold it)-The more down you are more molecules above you exert pressureboiling point decreases as elevation increases Wet Bulb:-Wet Bulb Temperature relates relaCve humidity to the dry air temperature (Dry Bulb) - The drier the air the more rapid evaporaCon on a thermometer the lower the wet bulb. OR The moister the air, the closer dry bulb to wet bulb- Dry Bulb = Web Bulb At 100% RH-Dew pt: pocket of air gets to 100% RH, moisture starts to condense out.—in dry weather, moisture evaporates quickly. Humidex:-super humid+hot, when air is moist your sweat doesn’t evaporate. H = T+(0.5555x(e -�]10))where: H=humidex, T=dry bulb temperature, E = humidity ratio-So the humidex IS wet bulb in layman’s terms Psychrometric Chart: As you go up the curve, more energy Is associated with the air-if air is cooled down using adiabatic cooling(no exchange of energy)-cooler air goes left as RH increases with respect to air and at 100% RH you hit dew pt temp-you have hit saturated temp and this is why you see a cloud of moist air as you breath out in winter-30C, 50% RH 18C dew pt, below this temp you see your breath in the air. How air conditioning works?-you have a mass of air that you want to cool and dehumidify (usually in buildings adjustments are set to 50% sensible heat and 50% latent heat)- you reduce temperature of air adiabatically till dep pt-coil is still cold and we can’t get more than 100% RH so temp slides down curve-condensation within air unit occurs by coil-water collection to collect this water and drain it-build up of water if no proper drainage-air stream cools down to 5Centhalpy and RH of air is lower now. –mixed air condition: plot pt A,pt B and draw a line between them and move 10% on it, this is your mixed air condition. Exam q:What should be the humidex temp to match this line? –Calculations with the Chart: -E.g.Cooling season: if room set point is 21°C/50% RH & Outside air is 16°C/70% RH is it better to flood with outside air for free cooling or keep it at a minimum?-E.g.If How many dollars can I Save if I Eliminate 500 Lps of fresh air in Toronto By re-­‐sizing my cooling? 1. Find Out the average temperature & Humidity in summer 2. Look Up its enthalpy on the chart.3.Apply W=Flow x k x ΔH 4. Apply Number of hours in the summer time-needs efficiency of chiller or value 5 times bigger-if you open window when it is 32C outside and 28C in your room you feel cooler due to evaporative cooling however your room gets hotter. Real Life:-Dead of winter-Tropical summer-desert heat-humidity in the home-if you take fresh air (-10C,90% RH into your room, you heat it using furnace adiabatically to 22C RH goes from 90% to 22%, this is why some tropical house plants need moisture (if low RH there’s dry air and they die)-humidifier adds moisture at 22C hence it will add water and RH increases-if RH is approx 50% and you have bad windows you get condensation on windows when humid air hits them.-Therefore, air inside window has to be warm enough so it doesn’t hit dew point to avoid condensation. Dew point and Frost point:Adiabatic cooling forces RH to 100%-->condensation-if ambient temperature is <0C you get frost. Types of Fog: Fog:moist air that hits 100% RH 1-Radiation Fog: Ground cools off at night. Reduces temperature of moist air which then reaches the dew point and you get fog (air and groundradiates to air at night, ground cools off and air above it cools down, as it hits dew point you get condensation and fog forming- Fog burns off in sunlight sinceyou’re heating air and moving it away from dew point, RH decreases and moisture in the air is absorbed by the air.2-Advection Fog: moist air blows across cold surface (warm moist air 50%-60% RHit touches air @ 4C RH of moist air goes to 100%-->get fog) Catch the fog: put fog capturers that force moisture to land on screen and be converted into water. Low level cloud formation:Warm moist air rises up-it’s close to dew point (90% RH) so it doesn’t take much latitude to hit dew point and form fog clouds Focus on a thunderstorm:What causes instability?-life gets in the way of a dead atmosphere-sun heats air and warms it-winds(caused by pressure difference) cause air masses to move around-fires,volcanoes-cold polar air can come in and make the 2 air masses want to move-clounds lining up is good for pilots since it indicates air beneath them is stable. Turbulence is an important factor since overdraft and underdrafts cause aeroplanes to move up and down respectively-hydrogen bomb: nuclear fusionhydrogen turning into helium, this releases a lot of energy and heats air up.Adiabatic lapse rate: Temperature of air DECREASES with altitude 9.8°C in unsaturated air- Approx.6°C in saturated air- Average air temperature on Mt. Everest:‐19C to ‐60C (avg.‐36C winter). Clouds: Stratiform (flat) cloud:Moist air where temperature of moist air rising = temp of atmno temp diffmoisture in air condenses out therefore no buoyancy and clouds remain where they are(flat)2-Still rising(cumulonimbus): characteristic of formation of a thunderstorm. Air masses and mountains:As air rises its temp drops-a cloud forms when air hits dew point-air then ascends until it reaches same temp as surrounding air-if air is forced to descend: -falling air, compression, warming RH drops-air between 2 sides of vegetation is different as it comes down it becomes denser and therefore when it compresses temp increases-shenok:(snow eaterbecause temp increases and RH decreases air’s ability to absorb moisture increases as well)) warm air comes over snowy mountains, releases its moisture and melts snow. Environmental lapse rate:-If we hike up the temperature will drop according to altitude just like the dry(or saturated) lapse rate.-what happens to a pocket of air rising adiabatically (due to solar gain from below) depends on the relationship between env lapse rate and the adiabatic lapse rate- rates equal, air rises uniformly- env lapse rate <adiabatic lapse rate, ∆T decreases with height so rising air pocket meets temperature sooner-atmosphere is therefore stable as a driver prohibits ability of air to rise-unstable atmosphere if env lapse rate>adiabatic lapse rate because ∆T increases with height so lifting is perpetuated. Why does env lapse rate change?-Global movement of air can introduce new colder air higher up, radiative cooling to space-Intense cooling on ground due to the sun means higher lapse rate-eddies in the atmosphere can prevent what nature wants to happen (eddies can push air from point to another)Normal cloud formation:-condensing air mass-why doesn’t the cloud fall?1-As it does, air rises above the dew point so moisture re-absorbs(as moisture falls it goes from saturated to unsaturated condition and is reabsorbed)2-MOSTLY that weight of droplet due to gravity does not overcome the uplift due to air around it (when moisture condenses out droplets, air holds it up because it has light weight). Thunderstorm formation:formation of clouds due to an unstable air condition and presence of a heat source from below-warm, moist air rises until it hits the dew pointenergy is release d-rising continues until t1=t2. Characteristic of a thunderstorm:-Heavy rain-heavy winds-hail-tornadoes. Heavy Rain formation:-formation of rain due to condensation nuclei-when moisture condenses out , forms a droplet-Cloud consists of huge number of droplets, supercooled-50% of a cloud’s moisture is water, not even ice at -20C, -40C is ice crystals. Rain (snow) forms in two ways: 1.Collision and Coalescence- Drops simply hit each other and increase in size as it falls through the Cloud- Note: taller the cloud, bigger the potential drops- Takes place In warm clouds 2.Ice Crystal (Bergeron) Process – Either a pure cold cloud Or a Mixed ice/droplet cloud - Droplets/ice accretes onto a crystal e.g. from condensation nuclei due to difference in saturation vapour pressure(less
At the ice surface)- Graupels (ice pellets) corm Heavy Winds:-falling rain pulls air down with it and you get downdrafts-major concerns for pilots (hail/rain/ice)-also known as windshear(formation of hurricane) Hail:Now our ice pellet is in the cloud (the start of hailstone)-will accrete super-cooled droplets that then frees on contact as it’s below freezing-will melt as it falls through warmer air but ig it gets big enough it can make it to the surface-golf ball sized hail needs >5-10 mins to form. Can only happen if updrafts causes hail to go back higher into cloud LECTURE 13: THUNDER AND LIGHTNING -REVIEW-Small changes in moisture has a big influence on temperature, because latent heat of vaporization is so large 2.5 X 106 Jkg-1-e.g. 1° C for half litre bottle evaporated in a 1040 m3 room-Moisture plays only a small role in unsaturated air.-Condensation and evaporation has huge influence on temperature and lapse rate.- RESULT FROM PSYCHOMETRIC CHART-So air starts at 0 metres elevation, T = 25 C and rh = 50%-It rises about 1000 m and temperature drops about 10º C as it approaches dew point-As moisture condenses the air is warmed relative to unsaturated air around it and it continues to rise 1000 m but cools only by 6 degrees per km to 8º C-Then it falls 2000 m and warms up at the unsaturated lapse rate by 20º C to a final temperature of 28 ºC QUICK REVIEW OF THUNDERSTORMS-Energy source is latent heat released through condensation-Energy release, which leads to convection and water condensation is triggered by heating from below.-Or you can also get condensation because of “lifting” from below, say a cooler denser air mass moving in and lifting a warmer more humid one. Or wind pushing a warm air mass up an incline.-Energy Release in a Thunderstorm=1.13 X 1015J-≡ 11.5 days of water flowing over Niagara Falls-Or ≡ to12 nuclear explosions-Basic Observations, lightning flash -1 second long, broken into discrete, multiple strokes-Perhaps a subsequent cascade of other discharges up the cloud - including out onto the anvil-Lightening can originate from the ground or can go from clouds to the ground or from clouds to clouds.-lightning strike separated by 1 minute (that is how long it takes to charge)-Main discharge - 5-50 Coulomb.-Not alot, One Amp = 1Cs-1-The average space heater will carry 50 Coulombs worth or charge in just over 3 seconds.-Big difference is the voltage (≈ 106 Vm-1 ) and duration, approximately 108 J per lightening flash.-lightening does not last that long(30 μs)-Peak power = 108/3•10-5 ≈ W- Discharge: Negative charge transferred to ground under storm-Main channel 10 cm diameter up to 20 km long-Multiple discharges per flash- Cloud to ground - 30% , rest are intra-cloud (depends on latitude)-Rarely anvil to ground (<5%) positive lightning - "bolt from the blue"-Plasma temperatures > 30000K – much hotter than the sun.-Conduction channel opened by "stepped leader”-Lightening Caused by a dielectric breakdown of air due to charge separation that occurs in different regions of cumulus nimbus clouds and between clouds and the ground- Clouds have negative charge near the bottom and positive near the top-Different regions are like capacitors-Capacitors are DC blocks, if your charging source is a battery and you have a capacitor in a series circuit, it will not transmit electricity unless the electric field is larger than the dielectric strength of the material-Largest electric fields measured within the environment of clouds are about 104 Vm-1-But these fields are not large enough to cause dielectric breakdown of air.-BACKGROUND IN ELECTRICAL ENERGY: In a glow discharge - electrons are liberated, or emitted from sharp tips or by cosmic rays.-Energy gained between collisions due to the field is sufficient to excite electronic states.-So you see light emission as they relax to their ground electronic states. But there is no electric current. Arc discharge - electrons are liberated and enough energy is gained between collisions to amplify the electron current (chain reaction)-total column is ionized to plasma. In dry air this requires approximately 5 x 105 Vm-1, much higher than the potential gradient under the cloud!-Leading Theory on How Charge Separation Forms in Clouds: freezing plays an important role- Condensed phases have a surface dipole which attracts extra charges to a differing degree.- Bergeron Effect: Ice formation is critical to the formation of precipitation by growing at the expense of super-cooled small cloud droplets-Crystalline ice (snowflakes) have a more positive surface potential than water or poorly formed (rapidly frozen) ice-Breakup of partly frozen particles (graupel, melting hail) could produce heavier liquid water falling (more negative) and lighter ice particles rising with the updrafts (more positive).-At this point, rising air currents have the ability to remove the positively charged lighter ice particles and carry them to the top of the cloud.-IN SUMMARY:Crystalline ice particles have a more positive surface potential than water, or graupel, or ice that was hastily frozen and is therefore in a less organized (less crystalline) state;-fast freezing may help create anomalies in the crystals that sometimes incorporate an additional proton, leaving them positively charged. These truly crystalline particles are more close to “proper” ice, while the other types of particle are closer to water or even contain some liquid water.-Ice (particularly snow) is less dense than water, so the positively charged and more ice-like particles will more readily flow upward with updrafts, while the more negatively charged and denser particles will better resist updrafts and remain near the bottom of a cloud.-Thus, the higher regions of the cloud will become more positively charged and the lower regions will become more negatively charged.-The remaining frozen portion would likely fall to the lower portion of the cloud or continue on to the ground.-Combining the collisions with the freezing, we can begin to understand how a cloud may acquire the extreme charge separation that is required for a lightning strike.-HOW DOES LIGHTENING START-The strong electric field causes the air around the cloud to break down.-This allows current to flow in an attempt to neutralize the charge separation. The air breakdown creates a path that short-circuits the cloud (or cloud/earth interface) as if there were a conductor connecting the cloud to the earth.-When rain and downdraughts bring positively charged cloud elements down through the height of the cloud into the cloud’s negatively charged zone does the voltage gradient increase locally to 106 V/m, enough voltage to start the “stepped leader”.-When the electric field becomes very strong (on the order of 106 Vm-1), the air can begin breaking down. The electric field causes the surrounding air to become separated into positive ions and electrons -- the air is ionized.-the ionized air (plasma) is much more conductive than the previous non-ionized air-the ionization process helps to create a path through the air for the lightning to follow-After the ionization process the path between the cloud and the earth begins to form. These paths in the ionized air are called “step leaders.”-a path is not created instantaneously. In fact, there are usually many separate paths of ionized air stemming from the cloud.-“Dart Leader”-As the ionized leader approaches the ground, the high field initiates field ionization (corona) from asperities on the ground which ionizes a channel originating from the ground (the dart leader) which completes the ionization channel from the cloud.-Lightning rods are commonly used to give a preferred channel for the stepped ladder to meet the “dart leader.”-Even this 106 V/m is not enough to get through the resistance of all the air all the way to the ground. It is enough, though, to create an ionization wave of roughly 100 m in length. This ionization waves creates ions within the channel of the stepped leader, and the channel quickly becomes polarized.-(The bottom of the cloud is still negatively charged and the ground is still positively charged, so positive ions flow to the top of the ionization channel and negative charges flow to the bottom). The negative charge at the bottom of the channel is strong enough to create an electrical field with enough strength to create ANOTHER ionization channel and this process REPEATS until the SERIES of ionization channels nearly reach the ground in SEVERAL STEPS between the cloud base and the ground.-It is key that it is not a single long ionization channel that reaches from the cloud to the ground, but several steps of smaller (~100 m long) ionization channels-All of the cloud in electrical contact with the ground through the completed leader path discharges in a rapid series of pulses. Ionization approaches 0.1% and after thermalization, reaches temperatures of ~30000K in a tube several cm in diameter.-Return Stroke – Can’t see  it is too bright it. This is the event that causes the shock wave that causes the thunder. Positive lightening: (bolt out of the blue)-lightening from the anvil portion of the cloud all the way to the ground THUNDER-There is a time delay between when the lightning strikes and when you hear the thunder( due to difference in speed of light and sound)
LECTURE 14: CORIOLIS FORCE-3 GOLDEN RULES: As viewed from the direction of original motion-(1) Northern Hemisphere: deflections towards right-southern Hemisphere: deflections towards left-(2) Faster an object moves, greater the deflection-(3) Tendency to deflect is max at poles, zero at equator-Cross product of angular velocity and local velocity vector-First demonstrated by a French scientist Gaspard-Gustave Coriolis in 1835-Total centrifugal force can be decomposed to two components- Centrifugal force – along the radial direction, pushing an object away from the center-Coriolis force – acting perpendicular to the velocity of the object as viewed in the rotating view of reference-Describes the movement of objects over a rotating surface-A fictitious force observed in a rotating frame of reference where an object is apparently veered away from its original path – same motion earth has looking down from North pole-Coriolis force F(cos)= 2mwv(Sinψ)-M is mass of object-W is angular velocity of earth (7.29 x 10-5 rad/sec) -V is relative velocity to the surface of earth-Ψ is latitude in degrees-Physically it is a combination of relative velocity & turning of frame of reference-THE COMPLICATED EARTH-not exactly spherical but rather elliptical-because the centrifugal force generated due to rotation ‘push’ the earth more towards the equator-Equatorial bulge formed-‘Solids’ ie tectonic plates behaves as fluids-Bulging shape allows an Equilibrium to establish between centrifugal and gravitational force-NOTE: 1) Tangential component of Centrifugal force compels fluids to move toward the equator, 2) Gravity at the equator generates pressure gradient force pushing fluids pole ward-Parabolic Dish Model-Ignoring the complications arise from topography-Cut the fluid on the surface of the northern hemisphere out and flatten it-Kind of like a Roulette wheel (no hurricane form at the equator, due to lack of rotation) EAST-WEST MOVEMENT-An object moving eastwardly has greater angular velocity relative to the surface of the earth-Leads to increase in centrifugal force-Visa versa for westward motion-Increase in Centrifugal Force pushes the cloud up the incline, and towards equator NORTH-SOUTH MOVEMENT-Earth surface velocity varies at different latitudes-As the cloud moves northward, its horizontal velocity becomes relatively larger than the velocity of the surface below it-As a result, it is perceived by the ground to have deflected towards the east (right)(NH), west(left)(SH), when in fact it is the ground that is moving away-(coriolis force increases with wind speeds) APPLICATIONS – METEOROLOGY-Winds – motion of air is initiated by pressure gradient force between high and low atmospheric areas (horizontal – high to low; vertical – low to high)-Isobar Area of relative close pressure HURRICANES: Latitude has to be at least 5º C for Coriolis force to be large enough to cause spinning.-If in the northern hemisphere the Coriolis effect deflects motion to the right, why do trade winds blow west?-At very high altitude the winds are deflected to the east in the Northern Hemisphere in the Hadley Cell-as the winds start to head downwards, at the other end of the convection cycle, they are deflected the opposite direction, or west.-It is these surface winds that we experience.-The winds don’t always blow west between the tropics and east, between about 30° and 60°, but these are the prevailing winds.-Where we live, the winds sometimes blow from the east- You can have local fluctuations caused by creation of low pressure centres  APPLICATIONS – OCEANOGRAPHIC-Ekman Spiral: Wind “grabs” a thin layer of surface water, which in turn grabs a thin layer of surface water underneath it and so on. Result is an overall net transport of water to the right/east in NH-You can see the Coriolis effect in many places, including at the molecular level.Problem set 5 1. If you have a sealed container with air and water inside, some of the water will evaporate and the air will approach saturation. From a mass perspective the earth is essentially a sealed container, and yet, even over thousands or millions of years, our atmosphere is has not been saturated with water vapour nor is the earth in thermodynamic equilibrium. Explain what process and effects greatly complicate and dynamics of the earth system.Solution. This is interesting to think about, but the key thing is the Earth is always chasing and not achieving equilibrium because equilibrium is always changing! It changes with time of day as the sun angle changes, producing a diurnal variation; it changes seasonally as the angle of the sun changes, meaning there is a seasonal fluctuation. There are other more complex cycles, including the sun’s output and variation, and oscillation characteristic of variations in the Walker cell and ENSO. Then there are longer term changes, like ice ages, or carbon accumulation, which cause a shift in radiation balances through changes in albedo and absorption. And nothing is linear, and many things are persistent with long-term feedbacks. It is a complicated place, and we should marvel it is predictable and well behaved in any sense!(wind, water availability, net radiation, RH)2. If a heat engine goes through a number of complete thermodynamic cycles, consumes energy to do so, and returns to the exact same state it began in, what is point of expending energy to have the engine run through its cycles? TO DO WORK! 4. Assume you have air in a perfectly insulated room with a measured temperature of 25oC. (a)What is the initial humidity ratio of this air that can produce the lowest temperature through evaporative cooling? What is this final temperature and final humidity ratio? (b) What is the initial humidity ratio of this air that can produce the highest temperature through condensation warming? What is this new final temperature and final humidity ratio? Solution The greatest condensation warming is possible when one has the most moisture to condense, so the air starts at 25oC under saturated conditions; the greatest evaporative cooling takes place in air into which the greatest moisture can be added, so this air starts out with zero relative humidity and zero humidity ratio. Thus, using the psychrometric chart, can be used directly, but just following the wet bulb lines (which are exactly based on a conversion between sensible and latent heat. (a) At 25oC and 0% RH (humidity ratio of zero too), the wet bulb temperature is 8oC and the corresponding humidity ratio at saturation is 0.007 (of 7 gm water/kg dry air). (b) At 25oC and 100% RH (humidity ratio of 20 gm water/kg dry air), we use the slope of the 25oC wet bulb line to extrapolate to zero relative humidity and zero humidity ratio, giving us a resulting temperature of about 75oC. Naturally both these results would be hard to achieve in practice, though we could likely get quite close. 5. A 50 m tall experimental test system is designed to receive a specific amount of energy per square meter, estimated as a net radiation (incoming solar minus outgoing long wave radiation) of 25 MJ/m2 over a summer day in a mid-latitude region. (a) What is the estimated temperature rise if the test rig contains only dry air (C = 1200 J/m3)? (b) What is the temperature change if the rig also contains a 2 cm thick layer of water in its base, and theair and the water end up at the same final temperature, and no evaporation occurs? (c) Finally, what is the resulting temperature rise of the water and the air (both reaching the same temperature) if a 5 mm layer of water evaporates from the base layer? (d) How much more complicated are real temperature increases in the field compared to the quick explorations performed here? What are the most crude approximations in the calculations above?Solution a. The specific heat of the column of air is 50(1200) = 60 kJ/K. 25 MJ would result in a temperature increase of huge proportions: 25000/60 = 417 K. This is, of course, both huge and unrealistic, but the question is why? The two main reasons this doesn�ft happen are the key role of water (evaporative cooling) and the role of vertical transport (atmospheric mixing through thermal rise to a height of many km). Note that the 25 MJ input is NOT the problem;this is somewhat �ghigh�h but not unreasonable number. b. With a 2 cm thick layer, each square meter contains 20 kg of water. The combined specific heat of the water and the air for the test plot is thus: 50(1.2)+ 20(4.2) = 144 kJ/K. This would result in a temperature rise of 25000/144 =174 K, which is still high, but an order of magnitude more realistic. On the earth’s surface, we typically have a greater depth of air and water, and of course evaporation, which leads to approximation 3 c. When evaporation is included, the number moderates more: if only 5 mm evaporate, 12.5 MJ is used for this, and only 12.5 is available for the temperature rise: 12,500/144 = 87 K. If we were to assume that, say, 10 mm were to evaporate (close to the practical maximum in most places), the temperature rise would reduce to zero! d. On a real surface, the evaporation, temperature rise, net radiation, and all other components are COUPLED. That is, the change in one influences all the others on a moment by moment basis, and the real process is full of turbulence, outside effects like wind, and the progress of factors over the day. However, the kind of basic calculations we have done here anchor this more complex modelling progress and provides insight, understanding, and a helpful control on reasonableness. The key problem with what has been done here is the limit of a 50 m height. Indeed, this is the main reason that buildings (and greenhouses) often get so hot when they are in the sunlight.6. Using the perfect gas law, the hydrostatic relation for the connection between absolute pressure and density in the atmosphere, and the assumed known lapse rate ƒ¿ (describing temperature decreases with height), derive the relationship between pressure and temperature.Solution Pressures reduce rapidly with height for two key reasons, which include the reduced pressure (air is compressible) and the reduced temperature. We can take the temperature change as given by the lapse rate, and then simply integrate using the idealgas law in the hydrostatic equation. This is not as hard as it might seem:Ideal gas law: p = ƒÏaRaT , then / a a ƒÏ = p R T [1] The hydrostatic pressure law: a Chapter 41- Sun energy transforms enormous quantities of liquid water (from ocean) into water vapour (evaporation). Winds transport this moist air to other regions where water condenses forming clouds. Where the atm is cold enough clouds can also be made of ice particles. Under certain conditions liquid or ice cloud particles may grow large enough to fall to the surface as precipitation and the cycle repeats.3- Evaporation from the earth’s surface is driven by meteorological controls: atmospheric humidity, temperature, wind, and net radiation. It is also mediated by water availability and land surface characteristics such as land surface types, soil moisture conditions and vegetation types.4- When the air is cooled the evaporation rate would decrease so condensation is larger than evaporation this removes water vapour from the air until the condensation rate reaches a new equilibrium with the reduced evaporation rate so cooling the air leads to net condensation.6- In cool air, vapour molecules move more slowly and are more likely to stick and condense on condensation nuclei (dust, smoke, salt particles) which forms water droplet in atm and if temp drops there will be more condensation and the droplet grows. These liquid or ice droplets (cloud particles) may grow large enough to fall to the surface as precipitation.7- Absolute humidity is (mass of water vapour/volume of air) so it depends on volume, changing the volume of air also changes the absolute humidity even though the air’s vapour content has remained the same. Consequently it is difficult to differentiate a change in absolute humidity that results from moisture loss or gain from a change due to varying volume this is why abs humidity is not commonly used. Specific humidity (mass of water vapour/total mass of air) and mixing ratio (mass of water vapour/ mass of dry air) of a parcel of air remain constant as long as water vapour is not added or removed from the parcel. Here the total number of molecules remains the same even when the parcel expands or contracts. Since changes in parcel size do not affect the specific humidity or mixing ratio these measures are used extensively to represent humidity in atm.8- Actual vapour pressure is the partial pressure of water vapour and it indicates the air’s water vapour content in the air. Vapour pressure depends on atmospheric pressure (depends on altitude) and the amount of water vapour in the air (if air pressure goes up, vapour pressure increases by the same fraction). Saturation vapour pressure is the pressure that water vapour molecules exert if the air at a specified temperature is saturated. It represents the maximum amount of moisture content that could be absorbed by an air parcel at a given temperature. They are the same when the air at a specified temp is saturated. 9- Saturation vapour pressure depends only on air temperature (the higher the temp the higher the saturation vapour pressure). Below freezing temp if we have both liquid and ice, the saturation vapour pressure associated with the water is greater than the saturation vapour pressure associated with the ice (fewer molecules can escape the ice surface). 10- As water boils, bubbles of vapour rise to the top of the liquid and escape. For this to occur, the saturation vapour pressure exerted by the bubbles must equal the atm pressure otherwise the bubble will collapse. Because the saturation vapour pressure is directly related to the temp of the liquid, higher water temperatures produce higher vapour pressure. Hence, any change in atm pressure will change the temperature at which water boils, a decrease in air pressure will lower the boiling point. Food must boil for a longer time at higher elevations because the boiling water is cooler than it is at lower levels. 11- a) Relative humidity is the ratio of the amount of water vapour actually in the air to the maximum amount of water vapour that would be in the air at saturation. b) In many places the air’s actual vapour content varies only slightly during an entire day so it is the changing air temperature that primarily regulates the daily variation in RH. c) An increase in the air’s water vapour content, with no change in air temp, increases the air’s relative humidity. As more water vapour molecules are added to the air, it gradually approaches saturation and RH increases. An increase in air temperature with no change in the water vapour content decreases the air’s RH. This occurs bcz the water vapour capacity (the saturation vapour pressure) increases in warmer air. More vapour molecules can be held in warmer air.  Thus the air moves farther away from saturation and decreases RH. 12- As air warms during the day, the relative humidity decreases; the highest relative humidity occurs in the early morning during the coolest part of the day; and the lowest values usually occur during the warmest part of the afternoon (watering the lawn in the morning will reduce evaporation, since highest RH, and increase the effectiveness of the watering).13- In warm weather our bodies cool mainly by evaporation (evaporation is a cooling process) so when the air temp is high and RH is low, perspiration on the skin evaporates quickly making us feel that the air temperature is lower than it really is. However, when both the air temp and RH are high the air is nearly saturated so body moist does not evaporate very well and less evaporation means less cooling so we feel warmer than we would in a similar air temp with a lower RH.14- The wet bulb temp is the temp caused by the cooling effect of evaporating water into the air. On a hot dry day the wet bulb temp is low and rapid evaporation causes cooling on our skin’s surface. On a hot humid day the wet bulb temp is closer to air temp less evaporation so less cooling and our skin temp rises. If the wet bulb temp exceeds our skin temp no net evaporation and our body temp can rise quite rapidly.15- Water vapour is composed of two atoms of hydrogen and one atom of oxygen and its molecular weight is 18. Air is 21% O2 (molecular 32) and 78% N2 (molecular 28) and thus Molecular weight of dry air is 29. So if we replace dry air molecules one for one with water vapour molecules, the total number of molecules remains the same, but the total weight of air decreases. Since density is mass per volume humid air at the surface is less dense or lighter than dry air. Thus more likely it is to rise (baseball will travel farther on a humid day due to less density). 16- Dew Point temp is the temp to which air must be cooled for saturation to occur (with no change in air pressure or moisture content).  Since dew point changes with atmospheric pressure and actual vapour content, and the atm pressure varies only slightly at Earth’s surface, the dew point is a good indicator of the air’s actual water vapour content. High dew points indicate high water vapour content.  The difference between air temp and dew point can indicate whether the RH is high or low. When the air temp and dew point are far apart the RH is low; when they are close the RH is high; when they are equal the RH is 100%. 17- The polar air has the same air temp and dew point and thus the air is saturated and RH is 100%. The desert air has a large separation btwn air temp and dew point and lower RH of 21%. But since dew point is a measure of the amount of water vapour in the air, the desert air with a higher dew point must contain more water vapour. So even though the polar air has a higher RH, the desert air contains more moisture. In cold polar air, the dew point and air temp are close together, but the low dew point temp means that there is little water vapour in this air. This is why polar air is often described as dry when its RH is high.18- High RH are normally are normally found in the tropics and near the poles, where there is little separation between air temp and dew point. The average RH is lowest near 30° latitude where we find the deserts of the world girdling the globe. This contrast with specific humidity (a measure of the actual water vapour in the air) which decreases continually with latitude. The average specific humidity is highest in the warm, muggy tropics; as we move away from the tropics, it decreases, reaching its lowest average value in the polar latitudes.19- The temp in the Pacific Ocean is much cooler than the Gulf of Mexico (the cooler water temp are caused by cool ocean currents and upwelling, where deeper, colder sea water is pushed to the surface.). As water affects the air above it, each area has air temp near those of the water below it and both areas are nearly saturated with water vapour. Consequently, dew point temp over the cooler Pacific are much lower than dew point temp over the warmer Gulf. So air from the Gulf of Mexico contains a great deal more water vapour than air from the pacific.20- The wet bulb temp is attained by evaporating water into the air, whereas the dew point temp is reached by cooling the air. They are the same when the relative humidity is 100%, the air is saturated, and the wet bulb temp is equal to the dew point temp (since the dew point is temp at saturation) .The temp diff between the wet and dry bulb is the wet-bulb depression. A large depression indicates that relative humidity is low and when there is no depression RH is 100% and dry, wet and dew point temperatures are all the same (otherwise the wet bulb temp always lie between the dew point and dry bulb temp).21 - Cold Polar air contains only a little water vapour, during cold winters even when air is saturated once its brought indoors and heated the saturation vapour pressure increases and the relative humidity drops (Low RH can have adverse on living things inside since rapid evaporation will occur from plants and our skin and we will be dry and humidifier is needed). In summer the cooling increases the air relative humidity, the air reaches saturation and the water vapour condenses into liquid water which is drained away and the cooler dehumidified air is circulated. In hot regions, where relative humidity is low, evaporative cooling systems (swamp coolers) are used to cool the air. They operate by having a fan blow hot, dry outside air across pads that are saturated with water. Evaporation cools the air. They do not work in hot humid weather bcz high relative humidity greatly reduces the rate of evaporation, besides swamp coolers add water vapour to the air.Chapter 7 What is the primary difference between cloud droplet and a raindrop?Typical cloud droplet is 100 times smaller in diameter than a typical raindrop and 100 times larger than a typical condensation nucleus. Droplets are small and make up clouds but are unable to fall as precipitation, whereas raindrops are much larger and are able to fall as precipitation. Why do typical droplets seldom reach the ground?Small droplets fall very slow and cannot overcome weak updrafts, or evaporation in drier air below clouds to reach Earth. However, precipitation-sized drops fall quickly enough to overcome updrafts in clouds, as well evaporation below clouds, to survive their journey from cloud to Earth.Describe how the process of collision and coalescence produce precipitation? To produce the many collisions necessary to form a raindrop, some cloud droplets must be larger than others. As cloud droplets fall, air retards the falling drops. Because larger drops have a smaller surface area to weight ratio, they fall faster than smaller drops. Large droplets overtake and collide with smaller drops in their path. This merging of cloud droplets by collision is called coalescence. Coalescence appears to be enhanced if colliding droplets have opposite electrical charges.
Would the collision and coalescence process work better at producing rain (a) a warm, thick nimbostratus cloud or (b) a warm, towering cumulus congestus cloud?
List and describe three ways in which ice crystals can form in a cloud?Deposition nuclei: Certain ice nuclei allow water vapour to deposit  as ice directly onto their surfaces in cold saturated air.Freezing nuclei: Ice nuclei that promote the freezing of supercooled liquid droplets are called freezing nuclei.Contact freezing (nuclei) super cooled droplets to freeze if they collide with  each other.Accretion: The process of ice crystals growing larger as they collide with supercooled droplets is called accretion. The icy matter that forms is called snow pellets..Secondary: Falling ice particles may collide and fracture into many tiny ice particles.Aggregation: Falling  ice crystals may collide and stick to other ice crystals producing snowflakes.When the temperature in a cloud is -30C, are larger cloud droplets more likely to freeze than small cloud droplets? Tiny ice embryos form in water at temperatures just below freezing, but at these temperatures thermal agitations are large enough to weaken their structures. The ice embryos simply form and then break apart. At lower temperatures, thermal motion is reduced, making it easier for bigger ice embryos to form. The chances of an ice embryo growing large enough to freeze water before the embryo is broken up by thermal agitation increase with larger volumes of water. Consequently, only larger cloud droplets will freeze by homogenous freezing at air temperatures higher than -40In a cloud where air temperature is -10, why are there many more cloud droplets than ice crystals?Because there are many more cloud condensation nuclei than ice nuclei.How does ice-crystal (Bergeron) process produce precipitation? What is the main premise describing this process?
Ice Crystal (Bergeron) Process: The difference in vapour pressure causes water vapour molecules to diffuse from the water droplet toward the ice crystal. Hence, during ice crystal (Bergeron) process, ice crystals grow larger at the expense of the surrounding water droplets. The constant supply of moisture to the ice crystal allows it to enlarge rapidly. At some point, the ice crystal becomes heavy enough to overcome updrafts in the cloud and begins to fall. The main premise describing this process is that at the same subfreezing temperature, the saturation vapour pressure just above a water surface is greater than the saturation vapour pressure above an ice surface
Why do heavy showers usually fall from cumuliform clouds? Why does steady precipitation normally fall from stratiform clouds?Heavy showers usually fall from cumuliform clouds since beneath these clouds there are large convection currents of rising and descending air. When the updraft weakens or changes direction and becomes downdraft, the suspended drops will fall to the ground as a sudden rain shower. Continues rain usually falls from stratified clouds. These clouds cover larger areas and have smaller vertical air currents.Why are large snowflakes usually observed when the air temperature near the ground is just below freezing?Snowflakes that fall through moist air that is slightly above freezing slowly melt as they descend. A thin film of water forms on the edge of the flakes, which acts like glue when other snowflakes come in contact with them. These large, soggy snowflakes are associated with moist air and temperatures near freezing.In a cloud composed of water droplets and ice crystals, is the saturation vapour pressure greater over the droplets or over the ice?At the same subfreezing temperature, the saturation vapour pressure just above a water surface is greater than the saturation vapour pressure above an ice surface.Why is it foolish to seed a clear sky with silver iodine?Because there is no cloud. The first ingredient in any seeding project is the presence of clouds as seeding does not generate clouds. The primary goal in seeding a cloud with small particles is that they will act as nuclei so that the cloud particles will grow large enough to fall to the surface as precipitation.When seeding a cloud to promote rainfall, is it possible to overseed the cloud so that it prevents rainfall?Overseeding can produce too many ice crystals. When this phenomenon occurs, the cloud becomes glaciated (all liquid droplets become ice), and the ice particles, being very small, do not fall as precipitation.Explain when clouds can be seeded naturally?Under certain conditions, cloud may be seeded naturally. For example, when cirriform clouds lie directly above a lower cloud deck, ice crystals may descend from the higher cloud and seed the cloud below. As the ice crystals mix into the lower cloud, supercooled droplets are converted into crystals, and the precipitation process in enhanced. What atmospheric conditions are necessary for snow to fall when the air temperature is considerably above freezing?The air must be extremely dry to have a wet-bulb temperature at freezing or below. Consequently, wet bulb temperature is a measure of the amount of cooling that can occur in the atmosphere as water evaporates into the air. When rain falls into a layer of dry air with a low wet-bulb temp, rapid evaporation and cooling occur, which is why the air temp often decreases when it begins to rain. During the winter as raindrops evaporate in this dry air, rapid cooling may actually change a rainy day into a snowy one. This same type of cooling allows snowflakes to survive in above-freezing temp.List the advantages and disadvantages of heavy snowfall?Advantages: A blanket of snow stores fresh water for later uses and is a good insulator as it stops heat from being conducted out of the ground. Frozen ground prevents early spring rains from percolating downward into the soil, leading rapid water runoff and flooding. Melting snow in spring and the continued melting of mountain snow in summer supply fresh water to streams, reservoirs, and groundwater. Disadvantages: In spring, rapid melting of the snowpack may flood low-lying areas. Too much snow on the side of a steep hill may become avalanche. The added weight of snow on the roof of a building may cause it to collapse.How do atmospheric condition that produce ice pellets differ from those that produce hail?Instability provides the conditions for hail formation; we find the largest form of frozen precipitation occurring during the warmest time of the year when the atmosphere is most unstable and in areas most affected by convection storms. However, formation of ice pellets generally takes place in cold season of the year since it refers to a cold raindrop freezing into pellet of ice before reaching the ground What is the difference between freezing rain and ice pellets?Ice pellets form when a partially melted snowflake or a cold raindrop freezes into a pellet of ice before reaching the ground. It falls through a deep freezing layer. Freezing Rain: When the cold surface layer beneath cloud is too shallow to freeze falling rain drops, they reach the surface as supercooled liquid. On striking cold object, the drops spread out and freezes forming a thin veneer of ice.Why is hail more common in summer than in winter?Instability provides the conditions for hail formation; we find the largest form of frozen precipitation occurring during the warmest time of the year when the atmosphere is most unstable and in areas most affected by convection storms.
PROBLEM  SET 4:1. Explain why many northern lakes, such as the majority of ones in Ontario, experience two “turnovers” (during which surface waters are replaced by waters from depth) each year. For a lake to “turnover” (meaning that the water from the top goes the bottom and the water from the bottom goes to the top), you need to have more dense water above less dense water, allowing the more dense water to “fall through” and displace the lower density water, which is thus forced to the surface. This wouldn’t happen at all, except fresh water is such strange stuff: its maximum density above freezing occurs at 4 C. This water can be on top either when the lake water is generally warmer than 4 C but cooling from the surface (in the Fall, with cold air over the lake and with high density 4 C water being produced at the top) or when the lake is generally colder than 4 C at depth, but warming from the top (in the Spring, again with 4 C water at the top; cooler lighter water is now underneath, which is again unstable). Occurs due to stratification of water. Brings nutrients to the top, and oxygen to the bottom 2. Explain the basic connections between land and sea breezes and the Monsoon winds that form over Asia. Account for the difference in temporal and spatial scale. Both phenomena relate to a convective cell that is established in response to the differential heating and cooling between land and water. Land and sea breezes occur typically on a daily pattern as a result of intense heating over land in the day (relative to the ocean) and intense cooling over land at night. The difference in temperature causes a difference in density which, through gravity, causes a pressure difference and induces motion. This diurnal fluctuation, though, is too strong to penetrate very far inland; only if it is persistent over weeks and months does the affect accumulate and cause very extensive and large air masses to be set in motion. This is exactly what happens with the monsoons, where the persistent differences accumulate over whole seasons and cause continent-size air masses to move in response to the relative differences in pressure.3. What is a Hadley Cell, how is it formed, and why is it important? The Hadley cell is a large convective cell that forms roughly over the equator, though it does move a little north and south seasonally in response to the migration of the directly overhead sun. This large mass of recirculating air is one of the most important and dominate aspects of the Earth’s energy transport system; intense solar radiation received near the tropics warms the air and causes density and (through gravity) pressure difference which set the warmest air rising. As this air tends to be moist, the rising and cooling air produce persistent condensation warming, clouds and rain. A band of clouds is often evident on satellite photos and marks the inter-tropical convergence zone, ITCZ. One might think that the formation of the cloud bank would limit the extent of the Hadley cell, but once started, the cell tends to highly stable, as it is maintained by the moist winds (and the release of this latent heat in the updraft portions of the cycle which converge toward the equator, creates its own motion, but plays a role in setting other parts of the atmosphere and oceans in motion as well.4. Consider a two-layer fluid in which the layer of more dense fluid lies in a horizontal layer under the layer of lighter fluid. Considering a small disturbance to the interface layer, use the principles of fluid statics to explain why this arrangement is stable (unlike the reverse situation discussed in class which was unstable when the dense fluid was over the lighter one.) Stability can be argued by simply considering hydrostatics, and taking a small departure up (or down) in this two-fluid system. Consider a small disturbance in which the lower (high) density fluid rises above the level of the interface between the two fluids. For a given distance, the pressure in the dense fluid decreases more rapidly than in the lighter fluid, and thus the pressure in the lighter fluid is now HIGHER than in the denser fluid, causing the disturbance to sink again into the high density fluid (higher pressure above a lower pressure caused a downward motion). Exactly the opposite will happen for a disturbance that pushed some of the lower density fluid into the higher density fluid: the fast rising pressure with depth in the dense fluid will push the lighter fluid back up to its original position. Thus, when a high density fluid is in a horizontal later under a lower density fluid, any disturbances tends to be reduced by the action of pressure, creating stability.5. A standard dry atmosphere is 78.08% nitrogen, 20.95% oxygen, and most of the balance taken up as argon. The universal gas constant is usually taken as 8.3145 J/(mol K) (joules per mole kelvin). Using a suitably averaged molecular weight, derive the “dry air” gas law used in class from the universal gas law relation. The average molar mass of dry air will be a weighted average of the molar mass of molecular oxygen, molecular nitrogen, and argon, weighted by their fraction in dry air. Mdry air = 0.2095*32 + 0.7808*28 + 0.0097*39.95 = 28.96 g/mol Mdry air = 0.02896 kg/mol The “dry air gas law” is the same as the universal gas law, but uses the dry air constant, which is the universal gas constant (R = 8.314 J/mol K) divided by the effective molecular weight of air. R/Mdry air = 8.314/0.02896 ≈ 287 J/kg K (a standard value of sorts and the one we use in TES).6. Consider two adjacent columns of air, each 1 km in height, with the only difference between them being that one is on average 10 K warmer than the other (say one has an average temperature of 15ºC and the other 25ºC). Estimate the expected difference in pressure at their bases assuming their tops are at the same pressure. Make any suitable approximations you require. ΔP = -ρgΔz Thus, Pb-1 = P1 + ρ1gΔz, Pb-2 = P2 + ρ2gΔz, and P1 = P2 Therefore, ΔPb = Pb-1- Pb-2 = (ρ1- ρ2) gΔz Assuming unsaturated air, ignore the adiabatic cooling effect, we can estimate the average air density at 1 atm (101.325 kPa) using the dry air gas law (287J/Kgk): ρ1 = P/RdryT1 = 101.325 kPa/(287 J/kg-K × 288 K)=1.225 kg/m3 ρ2 = P/RdryT2 = 101.325 kPa/(287 J/kg-K × 298 K)=1.184 kg/m3 Thus, ΔPb = (ρ1- ρ2) gΔz = (1.225-1.184) kg/m3 × 9.8 m/s2 × 1000 m = 401.8 (kg/m-s2) = 401.8 Pa7. Explain how the process of convection keeps a candle flame on Earth burning brightly, whereas a candle, even in an oxygen rich environment, burns very poorly (or not at all) in a weightless environment. The combustion process depletes molecular oxygen in the air nearby and new air with more oxygen is required to keep the candle burning. The heated air from a candle on Earth rises and cooler air, air that has not partly exhausted its oxygen in combustion, flows in to take the place of the rising hot air. Hot air is less dense than cool air, causing pressure differences that induce it to rise; but, clearly, differences in density would not cause air to rise or fall if gravity was not present and causing them to create macroscopically meaningful forces. The flow of hot air upward and the flow of cooler air to replace it is convection, and it is dependent on gravity. Without gravity, density differences would not cause flow. Oxygen depleted air would not flow up, and oxygen rich air would not replace it. Once a candle in a weightless environment had consumed all the oxygen nearby, combustion would not be able to continue, or could continue at a slow rate determined only by molecular diffusion (which is slow and inefficient).  8. The basic function of the thermohaline circulation system creates a two-layer ocean, with more salty, cold, nutrient rich water at depth and warmer, less salty and nutrient poor water frequently found at the surface. This whole system starts with a vertical motion at the poles, induced by density changes. Explain why this instability occurs, and how it accounts for the cold and salty ocean depths.  The vertical motion at the poles is the motion of cold, salty water dropping to the lower solid bottom of the ocean. The drop is caused by increasing density. Density increases at the poles for two reasons: decreasing temperature in the water; and increasing salinity. Cold water (to about 4 C) is denser than warm water. As water approaches the poles, it cools and becomes denser. The reason the water becomes saltier is also related to the cold. Cold salty water will eventually freeze and when it does, the crystal structure of the forming ice is very good at eliminating NaCl ions from the crystal structure. The result of this is the frozen water (ice) is effectively fresh, and very cold very salty water (brine) is ejected at the base of the forming ice layer. More salt content means higher density; so, again, the water is induced to sink. Evaporation also leaves salt behind in solution with the remaining liquid water, further increasing density; this is not a large effect as the cold air and indirect light leaves little energy available for evaporation. As the water in the ocean near the poles becomes denser, it sinks and runs under the warmer water, drawing in less salty surface waters from polar seas, which in turn induce yet more water from temperature seas to move pole-ward. With a constant supply of dense water running along the ocean floor from the poles, the water in oceans the world over is eventually forced from the bottom of the oceans to the higher layers. It brings with it some of the trapped nutrients that the upper ocean requires to sustain its biological productivity, although this process is somewhat erratic and tenuous. As this lower layer comes upward (via “upwelling” at the tropics and ocean edges and via temperature dilution from mixing), the light intensity increases and the waters approaching the surface warm and become the new upper layer. They then proceed towards the poles to beginning the cycle again.  9. The World Worst Rainfall data indicate precipitation rates that are enormously greater than evaporation rates. For example, 30 cm of rainfall has been measured to occur in a mere 42 minutes. How are such huge intensities possible? Transportation from water evaporated elsewhere from the site of evaporation to the site of precipitation and differences in the mass flow rate of precipitation relative to the mass flow rate of evaporation make this possible. While the rates of evaporation and precipitation are in equilibrium when averaged over a long time period and large areas, they are not necessarily equal over shorter time spans and smaller areas. Also, precipitation releases the latent heat of vaporization (as water vapour becomes liquid), making the air at the site of precipitation (at cloud height) warmer and therefore less dense than the surrounding air. The surrounding air, which has not lost any of its moisture to precipitation, is then sucked into the warmer area. Its moisture precipitates and rain falls in the same area where it began to fall. This causes the rainfall to concentrate in space and time, meaning that many days worth of evaporation from over a large area can precipitate very quickly in a much smaller area.  PROBLEM SET 6: 1. Air at 35ºC and 70% relative humidity is forced to pass over 3000 m high mountain range, and then descends on the other side to reach a central plateau at a 500 m elevation above sea level. Estimate at what elevation clouds will form, and what is the resulting air temperature and relative humidity when the air reaches the level of the plateau. Assume the dry adiabatic lapse rate is 10ºC/km, and that the saturated rate is 6ºC/km. What happens to all the moisture in the air mass? The air will rise and temperature will decrease in proportion to the dry adiabatic lapse rate until clouds form (i.e. until the air is saturated).  Then it will rise further, and temperature will change with the saturated lapse rate. From the psychrometric chart: At 35ºC and 70% RH, qv= 0.025 (kgH2O/kgair). This water content is enough to saturate air at roughly 28 ºC.  Therefore:
ΔT/(dry adiabatic lapse rate) =  (35-28))/10 = 0.7 km rise before saturation = 700 m.  Clouds form at this height.The remaining 2300 m rise causes a temperature reduction of 6ºC/km over the remaining 2.3 km i.e.: 2.3⨯6 = 13.8 ºC. Thus, the temperature at 3000 m is 28 –13.8 ºC = 14.2 ºC.   The air will still be saturated at this point. At that 14.2ºC and 100% RH ºC, qv≈ 0.010 (kgH2O/kgair). As the air descends it warms at constant water content, and thus will no longer be saturated; its temperature increase is the dry adiabatic lapse rate over the 2.5 km it is lowered i.e.:   (2.5)10 = 25ºC. Thus the final temperature is  14.2 + 25 = 39.2ºC. With 0.010 (kgH2O/kgair), air at 39.2ºC has a relative humidity of roughly 22%.
The moisture will condense andform cloud, some of which will reach the ground as dew, condensate or rain.2a. Hurricanes both require the presence of Coriolis force and yet are also limited in magnitude and intensity by the same force. Hurricanes begin with a tropical cyclone.  Cyclones begin when air begins to circle a low pressure zone.  The pressure differential caused by the low pressure zone causes air to move toward the centre of the zone, as in the figure, and the Coriolis effect causes that air to move to the right, relative to its direction of motion (in the northern hemisphere).  This rightward movement causes all incoming air to curve away from the direct centre of the low pressure zone and, as in the figure, travelling in a counter-clockwise direction around the cyclone.  This is the beginning of a tropical cyclone, which can lead to a hurricane.  (The motion is clockwise in the southern hemisphere).  If a hurricane forms, this effect continues to cause air to spiral around the low pressure zone--The increasingly high velocity of wind flowing around the low pressure zone draws air into the low pressure zone via a draft effect, which reduces the air density in the zone and increases the pressure differential across the hurricane’s eye wall.  If the Coriolis effect, which causes the spiraling, and the increase in the pressure differential were not present, air would flow easily into the low pressure zone and pressures would equalize.  If the effect were stronger,however, the winds would only tend circle and not move inward, effectively starving (or limiting) the system of new inflow of mass and energy (via moist air). Thus, the Coriolis force is required for hurricanes to begin and continue, but it limits the hurricane as well.  Coriolis forces are necessary for hurricanes, but it is not the case that more Coriolis force would result in a more intense hurricane.
b. Thunderstorms apparently are quite easily triggered within the area they form in; by contrast, Hurricanes typically require a disturbance to be “imported” (i.e., brought in from a different location) from an area outside their region of formation. Hurricanes require high speed winds.  Much of the acceleration of winds in the formation of a hurricane is due to the conservation of angular momentum as the winds approach the hurricane’s eye.  Angular Momentum = R⨯m⨯v where R is the distance of the wind (in this case) from the centre of the eye, m is mass and v is linear velocity.  As the wind approaches the eye, R decreases.  Angular Momentum is conserved (does not change), so a decrease in R results in an increase in v.  By this mechanism, the winds’ linear velocity increases to the point where a hurricane becomes possible.  It is the closing ofthe distance between the wind and the eye that creates the necessary linear wind velocity, so the two must be distant from each other to begin with.  Thus, the eye (the “disturbance”, or low-pressure zone) must be “imported”, or must come from somewhere else; the kind of differences needed to generate this magnitude or instability do not easily form over relatively uniform water surfaces.   If the disturbance and the winds were in the same place to start with, both R and v would initially be small, and theangular momentum would be insufficient to start a hurricane.  Thunderstorms generally form only over land, and here there are many other sources of instability that can be accessed, which typically means that their priming period is shorter and their development fostered locally. 3a. A thunderstorm can produce huge voltage differences and yet not nearly enough to allow the charge to leap the gap from the cloud to the ground. How is the resistance of dry air broken down? The bases of clouds become negatively charged, while the tops of clouds and the ground become positively charged.  The voltage though the height of a cloud is impressive at 104V/m, but air very resistant to electrical breakdown; this voltage difference is not enough to cause current to flow.  Only when rain and downdraughts bring positively charged cloud elements down through the height of the cloud into the cloud’s negatively charged zone does the voltage gradient increase locally to 106V/m, enough voltage to start the “stepped leader”.  The stepped leader is just the first of many steps of the lighting bolt.  Even this 106V/m is not enough to get through the resistance of all the air all the way to the ground.  It is enough, though, to create an ionization wave of roughly 100 m in length.  This ionization waves creates ions in within the channel of the stepped leader, and the channel quickly becomes polarized.  (The bottom of the cloud is still negatively charged and the ground is still positively charged, so positive ions flow to the top of the ionization channel and negative charges flow to the bottom).  The negative charge at the bottom of the channel is strong enough to create an electrical field with enough strength to create ANOTHER ionization channel and this process REPEATS until the SERIES of ionization channels nearly reach the ground in SEVERAL STEPS between the cloud base and the ground.  It is key that it is not a single long ionization channel that reaches from the cloud to the ground, but several steps of smaller (~100 m long) ionization channels.  Once the steps have become close enough to the ground positive ions from the positively charged ground flow upwards to meet the lowest step in the series.  Once this meeting occurs, there is a completed circuit and current (i.e., a lightning bolt) can flow from the cloud to the ground, partially draining the cloud of its charge build-up.   Slides 16 to 20 of the Thunder and Lightning presentation are extremely helpful depictions of this process.b. Why don’t thunderstorm storms tend to form over water? To get the strong updrafts and instability that separates ice, graupel and water particles, there has to be a strong initiation of that instability, either through orographic effects at hills or mountains, through strong differential heating, or from a meeting of cold and warm air masses.  The temperature gradients through the sea are less sharp than those on land.  Temperature is more easily distributed through large bodies of water, so the temperature will change gradually over the surface of the ocean.  On land, temperature is less well distributed, so there can be very sharp changes in temperature from one area to another.  These temperatures in the ocean and on land affect the temperatures of the air masses directly above them, so it’s easier to get a sharp temperature gradient in air masses above land than above the sea, and these gradients are essential to the formation of lightning, so there is more frequent lightning formation over land than over the sea. c. What is a leading explanation of the how the charge differences are created in the first place? One leading explanation suggests that the various non-vapour phases of water have different dipoles at the surface of their particles, and those dipoles attract additional charges in different ways.  Crystalline ice particles have a more positive surface potential than water, or graupel, or ice that was hastily frozen and is therefore in a less organized (lesscrystalline) state; fast freezing may help create anomalies in the crystals that sometimes incorporate an additional proton, leaving them positively charged.   These truly crystalline particles are more close to “proper” ice, while the other types of particle are closer to water or even contain some liquid water.  Ice (particularly snow) is less dense than water, so the positively charged and more ice-like particles will more readily flow upward with updrafts, while the more negatively charged and denser particles will better resist updrafts and remain near the bottom of a cloud.  Thus, the higher regions of the cloud will become more positively charged and the lower regions will become more negatively charged.
 QUIZ 2 2010 1) Moving fast enough to run on water, Superman (~100 kg) and The Flash are in a foot race across the Pacific Ocean. The Superman’s average velocity is such that his kinetic energy is equivalent tothe energy in 1 kg of methane (~50 MJ/kg). What is Superman’s average velocity in m/s?1000 m/sWhile the two are running they are generating a lot of heat. The Flash’s kinetic energy is 45,000 MJ. If over a specific period of time, an amount of energy equivalent to 20% of The Flash’s kinetic energy goes into evaporating water and that water becomes clouds, how much extra precipitation,in kg, could we expect as a result of the race?3,600 kg  3) Superman pushes a bolder off a 2000 m high cliff. Of the values listed here, which would be themost likely for the boulder’s speed when ithits the ground? 180 m/s 4) What is the latent heat of fusion of ice?0.333 MJ/kg5) You have two fully insulated containers and one of them contains some quantity of liquid water.
[image: ][image: ]You pour this water back and forth between the containers, each time pouring from a height of 1 m,and being careful not to spill any water. Approximately how many times would you have to make the transfer before the temperature of the water would increase by half a degree Celsius?200 6) A major rainfall event will result in: Release of heat at cloud height, drawing surrounding air in. 7) The thermohaline circulation system really begins with the freezing of ocean water at high latitudes. Explain.A. There are two main reasons for the increase in density that leads to water sinking at the poles. The following points are worth 0.5 marks each:I. Cooling of water at the poles/higher latitudes.Increased salinity due to freezing (which pushes salt out of the ice)Explaining the functioning of this system is worth the other 1 mark. The higher density water at the poles begins to sink and replaces warmer less densewater closer to the equator. This leads to the equatorward motion of the thermohaline circulation. When this water upwells near the equator, it then pushes the surface water further north where it cools, and continues this cycle.  A half mark can be given if they mention the nutrient enrichment due to the upwelling.8) During relatively calm summer weather, why does the air near the downtown core of Toronto tendto flow from the lake during in the daytime and toward the lake at night? A. The key point here is the: high specific heat of water. The high thermal inertia of water meansthat, although it heats up more slowly, it will also cool down more slowly than the land. The temperature changes that result lead to the winds. Example: It takes longer for the Sun to warm up the lake than it does to warm up the city. The city warms up, and so does the air above it. The warmer (less dense) air in the city is displaced by the cooler lake air by virtue of gravity’s greater pull on the cooler air. The cool lake air, then, flows toward the city. Once the sun goes down, the city cools, but the lake, having taken much energy into its mass over the day, remains warm relative to the city. The warmer air over then lake is then displaced by the cooler (more dense) city air.9) Explain in terms of temperature and density why the unusual properties of water play such a key role in the behaviour of temperate lakes. Two points should be focused on here:A. The property of water that its density decreases with temperature UNTIL 4 C when water then becomes less dense. B. The second is how this affects the behaviour of these lakes. I. Dense water sinks below less dense water so, luckily, as water approaches freezing, it will float above the bulk of the rest of the water. Ice will also float on the surrounding water. Thus,only the top layer of a lake will freeze. Were this not the case, entire lakes could freeze all the way to the bottom, killing the organisms living in the lake.II. This leads to the lake overturning twice a year (as discussed in the last problem set).10) A dry meteorite is on a collision course with Mars. As is falls through Mars’ atmosphere, it heats up considerably. Consider the meteorite as your control system. Try to be as complete as possible,and discuss the nature and sign of the various heat, work, and energy transfers as the meteoritecrashes into the ground, settling slightly below the surface. Use the convention presented in class(i.e. taking heat transfer TO the control system, and work done BY the control system, as positive)?I. Heat is transferred from the meteorite (-heat, energy exchange)II. The meteorite does work on the planet’s surface (+work, -energy exchange)– changes in kinetic and gravitational potential energy– phase changes after impact, including but not limited to:– changes in latent and sensible heat (from melted and evaporated compounds)– pulverized rock 11) A dehumidifier is a device designed to remove moisture from humid air. This is commonly done by drawing air over a cooled surface on which some of the moisture condenses and is discharged from the room as liquid water to a drain. Why would this process of drying air work? - the key here is the saturation point of air at different temperatures. Cooler air can hold less moisture so the water vapour condenses and will fall in to the tray. As the air is cooled, we moved from the unsaturated portion of the psychrometric chart horizontally until we reach the dew point temperature. In most units, this will continue down the saturated curve (often even past the frost point at O C) Dehumidifiers require a certain amount of energy to run, and thus tend to warm the air in the roomin which they operate. However the net warming effect is always greater than can be accounted for through the electrical input to the dehumidifier alone, even if nothing else is taking place in theroom. Is this observation a violation of the 1st law of thermodynamics? Explain why or why not No. Key word here: latent heat of vaporization. The additional heat comes from the latent heat of vaporization released during condensation. Quiz 3 20103) An air mass begins at sea level at 30°C and is moved by prevailing winds up and over a mountain range, to descend on the other side. Following along with this thr system, the sequence of events that best represents this process is :  Warm unstable air with thunderstorms and rain, followed by snow at ar 
[image: ][image: ][image: http://www.sp.uconn.edu/~mdarre/NE-127/Images/psc_02.gif][image: ]high elevations, then cold saturated air, then warm dry air with clear, cold skies. Which conditions hold the most water (kg of water per kg of dry air)?  20°C, 80% RH 6) Which of the following changes in motion, relative to the direction of motion, can result from Coriolis forces: Leftward motion in the southern hemisphere.7) Why is it that the wet bulb temperature can almost never exceed the dry bulb temperature? In a saturated or partially saturated environment (i.e., almost always), the rate water evaporates off the wet bulb will be greater than or equal to zero. If it’s zero the wet bulb temperature will equal the dry bulb temperature but not exceed it (saturated air at 100% humidity); if it’s non‐zero, the wet bulb will lose energy to he latent heat of phase change and will register a lower temperature than the dry bulb. Something along those lines, possibly less complete, can earn a student the mark. They must mention latent heat of phase change, though, or at least refer to the bulb’s water as a source of temperature reduction. Why does the sound of thunder from a lightning bolt last longer than the lifetime of the flash, and why this sound is so variable in intensity? (2 marks) The speed of light means that the visual effect of a lightning bolt will occur very quickly indeed and the relative distance of one part of the bolt to the observer’s eye is negligible. Sound is dramatically slower, so the relative distance of the different parts of the bolt from the observer becomes important. Noise generated from the top of the bolt (generally more distant) and its bottom, for example, will be heard at later times by the same observer. In general, the sound of the different parts of the bolt originate at nearly the same time, but the sound takes different times to reach the observer. Moreover, sound intensity decays as it radiates farther from each source of the bolt, so the heard intensity will tend to change too, with a strong tendency for the first sounds to be louder than the later sounds (the general decay process, complicated by the reality that at certain times more than one sound source s at the same distance from the observer, so these sounds then add and there can be short duration increases in intensity too). ‐Giving a reasonable explanation of this phenomenon with respect to a single observer‐Showing clear understanding that the sounds originate at pretty much the same time, but the length of the bolt is enough to give rise to sound‐distance effects 10) Ocean waves are commonly produced by two sources other than wind. What are these? What characteristics of the wind are most important if it is to generate large ocean waves? One source is astronomical: the gravitational pull of the moon and (less so) the sun. the other is geological: the forces and disturbances generated from earth motions generate large waves if (i) the wind is speed high, (ii) persistent (it lasts a long time) and (iii) if the waves travel over a long distance in the same direction as the wind (i.e., the concept of fetch). [Under these circumstances the amount of wave energy gradually converges to a maximum called a fully developed sea.] 1)How is it that the bulk flow of water in the ocean is roughly perpendicular to the direction of the surface current? The picture below (for the Northern Hemisphere NH) is an excellent summary. Surface currents, through gradually transmitted shear stresses, tend to cause lower layers of water to flow in their same direction, but Coriolis forces change this direction of flow of each successive layer slightly, to the right in the NH and to the left in the SH The magnitude of mass flow (velocity) caused by the surface layers decreases with depth, and the change in direction may eventually propagate to the point where deep waters again flow in the same direction as the surface flow , sometimes more than once (the layers having gone through 360 degrees, or sometimes even more). The net flow, when all flow vectors are resolved integrated) is roughly perpendicular to the surface flow. QUIZ 2 2011 1. Explain what the term buoyancy means and what role buoyancy plays in determining the key characteristics of the Earth’s thermohaline circulation system. Explain what the term buoyancy means? Buoyancy is a pressure force produced in a fluid having a non‐homogeneous variation of density; essentially hydrostatic pressure accumulates differently (due to the differences in density) in the two different fluids and can create either a stable (with light fluid above heavier fluid in horizontal layers) or an unstable configuration (almost every other arrangement) What role buoyancy plays in determining the key characteristics of the Earth’s thermohaline circulation system?  Thermohaline circulation (THC) refers to a part of the large‐scale ocean circulation that is driven by global density gradients. What drives the thermohaline system is that in the polar regions, ice is formed, and ice both floats and ejects salty water (there is no room for the salt ions within the ice lattice). This high salt content (briny) water is ejected from the base and its negative buoyancy caused it to sink to the bottom of the ocean, creating an inward flow of water at the surface to sustain this drainage. Thus, it is ice production, and its associated buoyancy changes, that is the initial driver for the thermohaline system • Warm seawater (usually near the surface where solar energy is intense) expands and is thus less dense than cooler seawater. Saltier water is denser than fresher water because the dissolved salts fill interstices between water molecules, resulting in more mass per unit volume. Lighter water masses float over denser ones . This is known as "stable stratification". When dense water masses are first formed under ice, they are not stably stratified. In order to take up their most stable positions, water masses of different densities must flow, providing a driving force for deep currents. 2. The beginning of lightning in a thunderstorm is almost always associated with the initiation (start) of rain. Why is this? Top and bottom layers of cloud are positively and negatively charged. The voltage gradient between two layers is large big enough to break down air resistance in between (typical voltage gradients in a cloud are of the order of 104 v/m whereas air requires about 100 times this to arc). Rain droplet helps bring positively charged particle to negatively charged layer and thus high voltage gradient is locally established. Without the rain the air gap simply cannot be jumped. The process of breakdown involves the various pilot and stepped leaders, but it is the rain that makes even these possible 3. Although a saturated atmosphere can only hold approximately 2 cm of liquid water equivalent, we frequently measure short term rainfall amounts that are an order of magnitude greater than this (e.g., an active storm might release of 10-15 cm or rain in an hour). This is because there is considerable evaporation during most storms. Explain why you agree or disagree with this explanation and, if required, provide a better one.  [Though the saturated liquid water equivalent is only 2 cm, this moisture would be collected from a larger area (and often over a long time) while forming rain clouds, and the subsequent precipitation will be concentrated over a smaller area.]‐‐‐‐‐‐(1) (Explanation of the main idea) [This is a direct result that condensation can induce a vertical instability which causes rapid air rise, and thus draws in air from other areas, or because a trigger (like a mountain range) is fixed while moist air moves over it]‐‐‐‐‐‐(1 or 1.5) (supporting explanation) [The "recycling" of evaporation during the rain back into a storm cloud that is suggested in the question is an inadequate explanation is there is insufficient energy for this to contribute much rain to what actually calls. Although it undoubtedly happens on a small and local scale, it does not account for large departures from a direct balance]‐‐‐‐‐‐(1 or 0.5) (explanation as to why the statement is right or wrong) 4. Explain the basic balance that is achieved in a mature (fully developed) thunderstorm between energy and water conversion rates. (In other words, how are the flow of water/moisture and energy related in a thunderstorm?)Energy and water accumulate in the atmosphere through radiant processes over a period of days or even weeks. Eventually, an active condensation of process for the atmospheric water is triggered (say by intense local heating or a wind over a hill) in which creates a direct lapse rate instability which in turn accentuates the original updrafts. These updrafts draw in additional moist (energy rich) air from surrounding areas and create a growing and propagating vertical instability. This results in the establishment of an inflow region (roughly cylindrical in shape) at the base of the thunderstorm which accepts heated moist air for the region surrounding the storm; the highest elevation parts of the storm eject dry cold air, and all the most dramatic processes are fuelled by the associated phase changes associated with the condensation of water within the established storm column (marked by the dramatic cumulo‐nimbus cloud). The overall conversion rates are often of the order of hundreds of thousands of watts per square meter, and overall rates for the storm or the order of millions of megawatts. Priming action of accumulation of energy through moist, warm air – 0.5 Updrafts ‐ induced instability caused by condensation Inflow: moist air energy rich inflowOutflow: dry air  cold air  5. (Text; pg 118) “How are the dew point temperature and wet-bulb temperature different? Can they ever be the same?” The dew point temperature is the temperature to which a parcel of air must be cooled at constant pressure to achieve saturation, and hence water vapour begin to condense. The wet bulb temperature is the temperature to which a volume of air can be cooled adiabatically to saturation by evaporation of water into it, all latent heat being supplied by the volume of air. The dew point temperature is never greater than the wet bulb temperature, but are equal for saturated air. dew point: cooled constant pressure, condensation wet bulb: cooled adiabatically, evaporation of water into the air for pointing out the differences equal for saturation. 
Quiz 2009: 2. On the downwind side of some mountain ranges in winter, a remarkable thing can happen. For example, winter air that might be only 5ºC on the windward (ocean) side of the mountains in Vancouver, might become 20ºC air in Calgary, bringing (under the right wind conditions) a dramatic warming effect and spring-like temperatures to the prairies in winter. (a) Explain how such a warming effect can occur, specifically addressing how such a temperature rise could be fueled or “paid for,” particularly given that the terrain the air travels over is likely much colder than its final temperature. (b) Given that clouds form at the base of the mountains (as the air it is first forced to rise) at an elevation of 2000 m, and that the prairie area near Calgary is at a 1000 m elevation, estimate the vertical lift through which the air is forced as it passes over the mountains. [Bonus (1 mark): describe how you could estimate the relative humidity of the air and descends near Calgary.] Solutionsa) This is associated with phenomenon like ‘rain shadow’ effects and Chinooks. As shown in the picture, warm moist air is forced to rise through ‘orographic lifting’ to the top of a mountain while it is expanding and cooling. Once it reaches to its dew point, moisture condenses and it precipitates on the windward side of the mountain. The cooled and dried air then descends on the leeward side. Since the lapse rate for dry air () is almost two time as much as that of moist air (), the air warms more while descending than it cooled during its ascent. This process, also sometimes called “ Foehn winds,“ leaves behind an arid region on the leeward side of the mountains, and can raise temperatures by as much as. kmC/10kmC/5.6C30 That what the source of energy is in this process lies in the magnitude of lapse rate of dry air. When air is forced to rise it expands and cools; air that is dry cools faster than moist air since it cannot draw on the latent heat of condensation. The opposite happens when air loses altitudes, and usually phase changes are less likely during descent. The temperature rise essentially reflects (is paid for by) the latent heat that is released during the condensation processes.

Test 1:known values Solar insolation at Earth’s Orbit: 1370 W/mStefan–Boltzmann constant, σ: 5.67 10^-8 W m K Volumetric Specific Heat of Air: 1200 J/mHeat Capacity of Liquid Water: 4200 J/kg KHeat Capacity of Air (approx.): 1000 J/kg KWater’s latent heat of vaporization: 2.5 MJ/kgDensity of dry air:1.2 kg/mBasic energy expressions for • Sensible heat (mc∆T)  Latent heat (mL)
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