Name:___________________________________                              12 November 2008      

ATMS 305                                                                                 INDIVIDUAL EXAM#03
Choose the single best answer in Questions (1) – (15), each question is worth four points. Questions (16) - (18) together are worth 40 points. EXAM#03 is worth 100 total points.
(1) A volume that contains water vapor alone is an example of a ________ system and the ideal gas law ________ apply.

(a) heterogeneous, does not

(b) heterogeneous, does

(c) homogeneous, does not

(d) homogeneous, does, LP#9, slides#3, 6
(2) The ________ point is the point at which the vapor pressure in the liquid is ________ the atmospheric pressure on the liquid surface.

(a) boiling, equal to, LP#9, slide#11

(b) boiling, greater than

(c) freezing, equal to

(d) freezing, less than
(3) The critical point temperature of oxygen (O2) is much ________ than the critical point temperature of water, indicating that we’ll likely never see ________ under the natural conditions of the earth’s atmosphere.
(a) warmer, liquid oxygen

(b) warmer, gaseous water

(c) colder, liquid oxygen, LP#9 slides#14-16
(d) colder, gaseous water
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(4) The process in going from B to C on the diagram above represents ________ and heat is ________ the environment.

(a) condensation, absorbed from

(b) condensation, released to, LP#9, slides#21, 22, & 37

(c) evaporation, absorbed from

(d) evaporation, released to
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(5) If heat is ________ a system under certain conditions it may produce a change in phase rather than a change in temperature. In this case, the increase in ________ energy is associated entirely with a change in molecular configurations.

(a) removed from, kinetic

(b) removed from, internal

(c) supplied to, kinetic

(d) supplied to, internal, p. 84 of WH
(6) The latent heat of a phase change is the change in ________ of the water substance, which decreases overall for the process of ________.

(a) entropy, deposition

(b) entropy, sublimation

(c) enthalpy, deposition, LP#9, slides#35-37

(d) enthalpy, sublimation
(7) For a fixed amount of liquid water, the amount of heat required to change it completely to water vapor ________ for cooler liquid water temperatures.

(a) remains constant

(b) decreases

(c) increases, LP#9, slide#38

(d) ( not enough information
(8) The Clausius-Clapeyron Equation represents the special condition when the rate of condensation ________ the rate of evaporation, a condition also known as ________.

(a) is less than, equilibrium

(b) is less than, homogeneity

(c) equals, equilibrium, LP#10, slide#4

(d) equals, homogeneity
(9) At a given temperature, water evaporates more readily than ice sublimates, hence, the saturation vapor pressure with respect to ________ is greater than the saturation vapor pressure with respect to ________ and ________ will grow at the expense of ________.

(a) ice, liquid water, liquid droplets, ice particles

(b) ice, liquid water, ice particles, liquid droplets

(c) liquid water, ice, liquid droplets, ice particles

(d) liquid water, ice, ice particles, liquid droplets, p. 81 of WH
(10) The ________ for water is at a temperature of 273.16 K and at an es value of ________ mb.


(a) triple point, 222000

(b) triple point, 6.11, LP#10, slide#23

(c) critical point, 222000

(d) critical point, 6.11
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(11) If an air parcel experiences net positive buoyancy force (upward acceleration), its density is ________ the density of its surroundings and its temperature is ________ the temperature of its surroundings.

(a) greater than, colder than

(b) greater than, warmer than

(c) less than, colder than

(d) less than, warmer than, LP#11, slides#28, 32
(12) A statically stable environment has potential temperature ________ with increasing altitude and an environmental lapse rate that is ________ than 9.8oC km-1, assuming unsaturated air parcels.

(a) increasing, less, p. 91 of WH

(b) increasing, greater

(c) decreasing, less

(d) decreasing, greater
(13) Equivalent potential temperature ________ with increasing altitude is known as ________ instability.

(a) increasing, convective

(b) increasing, absolute

(c) decreasing, convective, p. 93 of WH

(d) decreasing, absolute
(14) One of the desirable characteristics in a thermodynamic diagram is to have the angle between ________ and ________ be as large as possible.

(a) adiabats, isobars

(b) adiabats, isotherms, LP#12, slide#11

(c) pseudoadiabats, isobars

(d) pseudoadiabats, isochors
(15) The Emagram thermodynamic diagram has a 90o angle between its ________ and its ________.

(a) isobars, isotherms, LP#12, slide#20

(b) isobars, adiabats

(c) isotherms, pseudoadiabats

(d) isotherms, adiabats
Name:___________________________________                              12 November 2008      

ATMS 305                                                                                 INDIVIDUAL EXAM#03
 (16) 15 points
An air parcel initially at the 1000 hPa level has an air temperature of 22oC and a dew-point temperature of 12oC. The air parcel is lifted to the 500 hPa level. Determine if the 500 hPa air parcel temperature is warmer, colder, or equivalent to the temperature that a dry air parcel would have if it were lifted dry adiabatically from the 1000 to the 500 hPa level given an identical initial air temperature (=22oC),.
For dry air parcel…
T5 =  (500/1000)**(287/1004) = 295.16 K * (0.82025445) = 242.11 K = 31.05oC
For moist air parcel…
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 = 14.176 mb
w = (e * )/(p-e) = (14.176 mb* 0.622)/(1000 – 14.176)mb = 8.9446 x 10-3 kg/kg
saturation vapor pressure for temperature of dry air parcel at 500 hPa (242.11 K)…
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= 0.467 mb

ws = (e * )/(p-e) = (0.467 mb*0.622)/(500 – 0.467)mb = 5.8181 x 10-4 kg/kg
hence, somewhere between the 1000 and the 500 hPa levels, the moist air parcel becomes saturated (at its LCL) and STOPS cooling at the dry adiabatic lapse rate and STARTS cooling at the moist adiabatic lapse rate. Since the moist adiabatic lapse rate is LESS THAN the dry adiabatic lapse rate (=9.8 K/km), the moist air parcel will have a temperature warmer than the dry air parcel at the 500 hPa level (Tp > 242.11 K).
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 (17) 15 points

An ice pellet of mass 20 milligrams and an initial temperature of -13oC descends through an environment having a temperature of 0oC. The ice pellet first warms isochorically to 0oC and then undergoes complete melting. Calculate the total change in entropy for the ice pellet during the entire warming and melting process. Assume that the magnitude of the latent heat of melting at 0oC to be 0.33 x 106 J kg1 and that the specific heats of ice, liquid water, and water vapor are, 2106, 4218, and 1463 J K1 kg1, respectively.
Warming

dQ = m Cv dT – p dV ( (isochoric process) dQ = m Cv dT 
dS = dQ/T = m Cv dT/T

S = m Cv ln(Tf/Ti) = (20x10-6 kg)(2106 J K1 kg1) ln (273.16/260.16) = 2.0538x10-3 J K1
Melting


dQ = m Lm , Lm > 0 since the water substance is absorbing heat from its surroundings

S = m Lm/T = (20x10-6 kg)( 0.33 x 106 J kg1) / 273.16 K = 2.4162x10-2 J K1
Total change in entropy


Stot = 2.0538x10-3 J K1  + 2.4162x10-2 J K1  = +2.6215x10-2 J K1
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 (18) 10 points
Noontime conditions at Brownsville, Texas indicate an air temperature of 25oC, an air pressure of 1008 hPa, and a mixing ratio of 17 g kg-1. Determine by how much you would over- or under-estimate the density of the air if you assumed the air to be perfectly dry (mixing ratio of zero).
Ta = 298.16 K,
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 = 298.16 K ( 1.0 + 0.61*[17x10-3]) = 301.25 K

rho(dry) = p/(Rd*Ta) = 100800 Pa/(287 J K-1 kg-1 * 298.16 K) = 1.178 kg m-3

rho(mst) = p/(Rd*Tv) = 100800 Pa/(287 J K-1 kg-1 * 301.25.16 K) = 1.166 kg m-3

over-estimate by (1.178 – 1.166) kg m-3 = +0.012 kg m-3
see HW#7, Problem#(2)
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