MET 3003
Exam #1
12FEB07

Instructions

You have the rest of this period to complete this exam. It consists of PART 1 (60%) true/false and short answer, and PART 2 (40%) draw-and-explain, short essay, or problems.  Answer all questions in PART 1.  Answer four of the five questions in PART 2.  Below is a list of formulas and physical constants that you may need. You will need a calculator. We use SI (metric) units throughout. 

This exam totals 100 points.  It represents 20% of your final grade.

________________________________________________________________________

Physical constants and equations: 

T K = ToC + 273.16


Absolute temperature conversion.

Rd = 287 J K-1 kg-1 


Gas constant for dry air.

23½o
Inclination of the Earth’s axis to the plane of its orbit
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Gas law for dry air where p is pressure, T is temperature, 
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is density, and 
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 is specific volume.

1 mb = 100 km m s-1 m-2
Conversion of mb to Nt m-2 

HDD = T – 65oF
Definition of Cooling Degree Days. Set to zero if T < 65oF (NOTE: Fahrenheit temperatures)

CDD = 65oF – T
Definition of Heating Degree Days. Set to zero if T > 65oF (NOTE: Fahrenheit temperatures)
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Wien Displacement Law for wavelength (µm) of peak thermal blackbody radiation.
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Stefan-Boltzman Law for total thermal blackbody radiation (W m-2), where σ = 5.67x10-8 W m-2 K-4. 
_____________________________

name

PART 1.1. True/False (2 points each.  Answer all.)

1. ________. The Argon and Helium in the Earth’s atmosphere result from decay of radioactive elements in the Earth’s crust over geologic time.

2. ________. In an open system energy, but not matter, can flow in and out. 

3. ________. If the forecast temperature in Miami is 35oC, you are going to need a sweater.

4. ________. Plank’s Law is used to calculate the saturation vapor pressure as a function of dew-point temperature.

5. ________. More incoming solar radiation reaches the Earth’s surface near the equator because of the sun angle is always more than 23½ o. 

6. ________. The temperature increases from the Tropopause to the Stratopause because of absorption of solar UV radiation which separates electrons from atmospheric gasses, causing the Ionosphere. 
7. ________. Each year about half of the CO2 produced by humans remains in the atmosphere, so that there is now more than 133% as much CO2 in the atmosphere as there was before the Industrial Revolution began in the 18th Century.

8. ________. The O2 in the Earth’s atmosphere is produced from CO2 by plants through the process of photosynthesis. 
9. ________. Helium and Argon are important greenhouse gasses. 

_________. Locales close to large bodies of water tend to have warmer maximum temperatures and colder  minimum temperatrues. 

10. PART 1.2.  Short answer (2 points each, answer all)

11. The altitude at which outer space “officially” begins is _____________km.

12. A temperature of 15oC is equivalent to ___________K. 
13. Electromagnetic radiation at a wavelength of 0.450 (m is in the __________part of the spectrum..
14. An object at 310K will radiate electromagnetic radiation at a peak wavelength of 9.34 (m in the  __________​​​​_______part of the spectrum.  

15. If you hold your hand 30 cm above a candle flame and feel the current of warm rising air, this is an example of heat transfer by____________.

16. If you hold one end of a piece of copper wire in a candle flame and the other end that you are holding becomes warm after a short time, this is an example of heat transfer by____________.
17. If, while you are basking around the pool on a sunny day, you get so warm that you need to jump in to cool off, your elevated body temperature was a result of heat transfer by_______________.
18. What is the albedo of the Earth and its atmosphere as a whole? __________. 
19. The rate of decrease in temperature with height is called ___________.

20. The amount of “solar irradiance”, the energy reaching the Earth’s surface perpendicular to the sun’s rays after they have passed though the atmosphere is typically _________________W m-2 . 
21. Saturation vapor pressure for water approximately ___________ for every 10oC increase in temperature. 
22. ___________ is the process by which ice crystals form directly from water vapor vapor when the surface temperature is both below the saturation temperature and below 0oC.
23. When vapor in contact with frozen H2O reaches a state where the same number of  molecules return to the vapor as crystallize onto the solid is said to be  ______________with respect to ice.  
24. On 8 August 2005 at Vostok Station on the East Antarctic Ice Sheet, the minimum temperature was -85oC and the maximum was -72.2oC.  The mean  temperature for that 24-h period was__________.
25. On 3 January the Earth reaches its ___________, the point where its orbit passes closest to the Sun.

26. Sharp boundaries,  generally associated with unsettled weather, that separate air with greatly different temperatures or moisture contents are called ____________
27. The temperature at which water begins to condense as humid air is cooled is the _____________.

28. In ______________ a person’s body core temperature drops below 26oC and death may occur through ventricular fibrillation. 
29. _______________is an instrument used to measure humidity using an ordinary thermometer and one that has a wet fabric “sock” over the bulb mounted on a metal frame. To use it the observer twirls it overhead to “ventilate” the thermometers. 
30. Since water vapor mixing ratio keeps a constant value when the pressure changes with no evaporation or condensation, it is said to be ____________. 

Part 2. Draw-and-explain, short essay, and problems. Each is worth 10 points. Answer only four of the five. If you answer more than four, please indicate which four you want to have graded.

1. In the frame below, draw the mean vertical temperature profile of the atmosphere. Identify the troposphere, tropopause, stratosphere, stratopause, mesosphere, mesopause, and thermosphere and place them with the correct temperatures at the correct altitudes. 
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2. At Millersville, PA where the  Latitude 40oN,  what are the sun angles at the Summer Solstice, Winter Solstice, and either Equinox?
3. If an ideal radiator is at a temperature of 300K, what is the wavelength of its peak blackbody radiation?  At what rate (Watts m-2) does the surface emit blackbody radiation?  

4. Below is an illustration of the radiation balance of the Earth’s surface  and atmosphere cast in terms of 100 units of solar radiation at the top of the atmosphere. Please fill in the six blanks with the appropriate values. Hint: If you know the value of the Earth’s albedo and how the heat balance works, you can calculate the missing values. 
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5. What is the density of dry air at 27oC and 1010 mb? Remember to convert mb to Nt m-2, and Celsius to Kelvin temperature.
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