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ATMS 411/611 MIDTERM EXAM.                      Prof. W.P. Arnott, Leifson Physics 213, 784-6834.                
 
Instructions:  Please respond thoughtfully to every question.  Partial credit will be given for partial 
answers, so be sure to write what you know about a problem even if you don’t know the entire answer.  
Each problem is worth the same number of points.  Put your numerical answers on this sheet when 
possible, and show your work on the skew T chart for some of the problems.  You can use a calculator 
and an equation sheet (8.5” x 11”, one side only) for this exam.  Solve the problems you are most 
confident about first, and then concentrate on the others.  Put your name on each page. Good luck! 
 
1. The temperature of an air parcel (a small blob of air) can be affected by 
 
• solar radiation being absorbed by the gases, particles, and clouds in the atmosphere. 
• infrared radiation being absorbed or emitted by the gases, particles, and clouds in the atmosphere. 
• heat being diffused from the surrounding air 
• heat being diffused from the adjacent ground 
• evaporation and condensation 
• expansion and compression caused by vertical motion  
 
Suppose air at Colorado Springs Colorado (1.8 km elevation) is about 35 C (a nice warm day). If 
this air ascends to the top of nearby Pikes Peak Mountain (4.8 km elevation) without exchanging 
heat with its surroundings, about how cold would it be? Circle the answer that most closely 
matches. 
 
   1. 25 C 
   2. 5 C 
   3. -5 C 
   4. -13 C 
 
 
2. Use the skew-T log P plot to help you with this problem.  A parcel has temperature 22.5 C and 
dew point temperature 2 C at a pressure of 900 mb.  This parcel is lifted to 410 mb and then it is 
lowered to 1000 mb.  What is its temperature at 1000 mb if… 
 
a.  All of the condensed water on lifting the parcel is retained by the parcel, 
 
 
b.  75% of the condensed water is lost from the parcel by precipitation, 
 
 
c.  All of the condensed water is lost from the parcel by precipitation. 
 
 
Sketch the trajectories associated with these 3 cases on the skew-T log P plot labeled Problem 2. 
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3.  Use the skew-T log P plot to help you with this problem.  A dry parcel at the surface contains 
a mass of air m at a pressure of 1000 mb and a temperature of 45 C.  This parcel is raised to 200 
mb.  Express as a ratio the volume occupied by the parcel at 200 mb to that it occupies at 1000 
mb if we keep its mass constant at value m.  You can show your work on the skew-T plot labeled 
Problem 3. 
 
 
 
4.  Consider a surface pressure of 950 mb, air temperature of 22.5 C, and dew point temperature 
of 5 C.  Using the skew T chart labeled Problem 4: 
 
a.  Determine the lifting condensation level LCL 
 
b.  potential temperature Θ 
 
c.  equivalent potential temperature Θe (take the parcel to the top of the atmosphere, 
appropriately following first the dry adiabat, then the moist adiabat above the LCL, and then 
coming down a dry adiabat from the top of the atmosphere to 1000 mb and read the 
temperature),  
 
d.  wet bulb temperature 
 
e. wet bulb potential temperature Θw 
 
f.   and the mixing ratio between 950 mb and the LCL.  
 
 
5.  Derive the atmospheric lapse rate appropriate for a dry atmosphere affected only by adiabatic 
processes.  You may use the back of this sheet.  Then answer the following questions. 
 
a.  Consider an early morning condition in Reno (5 a.m.) after a very clear, dry night.  Sketch the 
temperature profile you expect near the surface, and also sketch the temperature profile you 
would expect for dry adiabatic processes.  What physical process has violated our adiabatic 
assumption? 
 
 
 
b. Consider an afternoon condition in Reno (5 p.m.) on a very clear, dry day.  Sketch the 
temperature profile you expect near the surface, and also sketch the temperature profile you 
would expect for dry adiabatic processes.  What physical process has violated our adiabatic 
assumption? 
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Problem 2. 
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Problem 3. 
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Problem 4. 
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Spare Skew T if you need it.  Problem ___________________________________________ 
 

 


