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Faculty of Mathematics and Natural Sciences
Mid-Term Exam in: GEF 4310 Cloud Physics
Examination Date: 31 March 2009
Time of examination: 15:00-18:00°
The examination set is 5 pages long
Attachments: None
Permitted aids (textbook, calculator, etc.) : None
A Please make sure that the examination set is complete (. ., - . werher weX&

before. you start solyin% the P""bl‘??‘:"fr__‘ Cegas .
The first 7 problems are multiple choice problems. Write an “x” or a tick mark in front of the
correct answer. There is only one correct answer for each problem. In problems 8 ~ 9, detailed

- responses are required. P}'ob!ems 17 count 10% each, while each of the problems 8 —9 count

15% of the total.
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Corgggggﬁﬁh‘g downward motions mainly influence parcel buoyancy by: — P geler expaiement !

s a) Cooling and drying the cloudy air, thus reducing T — T'. . . o bt slove fop soteminment

net b) Evaporating cloud water near cloud top, hence generating downward acceleration.
‘, A d) Warming the air in the surroundings, thus reducing T — 7. T' biv vames PIA . acliak. oy, ndr @ synkar
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Some characteristic values for droplet size (radius, r), cloud droplet number concentration (N,.) and ’)

liquid water content (LWC) in moderate, non-precipitating, continental, convective clouds are:

1) 4 1.5 73 hpuk ¢
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Problem 3

Where do we usually draw the line between cloud droplets and rain drops, and what is that division
basedon?

nge a) r = 100 pm, based on the fact that rain drops are slightly flattened at the base

ner b) r=1 mm, based on the fact that rain drops are slightly flattened at the base

¢ c)r =4 mm, based on the fact that rain drops are slightly flattened at the base

2% d) r=100 pm, based on the ability of ﬁ%ling particles to avoid evaporation before reaching the

ground,. Lo=oamm 5408 dude. H
nee ) r=1 mm, based on the ability of falling particles to avoid evaporation before reaching the
ground. )
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Comparing the growth of ice crystals and cloud droplets in clouds, / v
beatdrme. b:fs"aﬂ-ﬂmfchu’. .

__ a) the diffusional growth is much larger for the ice crystals than for the cloud droplets
ne. b) kinetic effects are much more important for the cloud droplets than for the ice crystals. .
hee €) precipitation is initiated more rapidly in the case of cloud droplets than ice crystals. — P%gﬂ";ﬁ ds oy Fral
net_ d) stochastic effects are crucial in the case of ice crystals, but not cloud droplets. (LN 3 ke b e
fe_ e) ice crystals grow most rapidly in maritime air, cloud droplets in continental air (for the same
updraft speed). e O ZEE \ Jor ageremcts for {2
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- 2% _b) Accumulation mode particles (0.1 um <D < | um).
ne ¢) Giant sea salt particles. .
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ras. @) the first term on the right represents growth by aunto-conversion, “fy oM
et _b) the factor % in the first term on the right is due to competition for available vapour.
X _c) the deterministic solution corresponds to an average value of n(v,#) over many realizations. )
aee d) the second term on the right represents accretion and self-collection. W kkar (e e
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The above figure shows schematically the different ways in which atmospheric ice nuclei can
account for ice formation, How important are these mechanisms in nature?

nes a) None of the 4 mechanisms shown here are important, because ice crystals usually form by
homogeneous freezing. —v wen oo ok foc TL ol
nedb) The first mechanism (heteorogeneous deposition) is not important, because a droplet has to
form before freezing can take place. -

X__¢) The second mechanism (condensatlon followed by freezmg) is not important, because good
CCN are usually not good IN, and vice versa.
nend) The third mechanism (contact freezing) is not 1mportant because a high energy barrier must
be overcome for contact freezing to take place. 7T
e e) The fourth mechanism (immersion freezmg) isn
that ice nuclel can become lmmersed in cloud droplets

'mportant because it is highly unrealistic
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a) Rain drops up to about 10 mm in diameter haye been observed, but larger sizes are very
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c) Explain all the symbols in the following equation: : overflate gfm{mm? ) iw s eniy g o Wt
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d) What does this equation express (physically)? EE@@“ P, M;Ti 1:“-}« i °
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Problem 9

a) What is meant by “a Marshall-Palmer distribution”? Set up the equations that define this
distribution. Explain all the terms in the equations.

B) When is the Marshall-Palmer distribution applicable?

¢) What are the main similarities and differences between the results of Marshall & Palmer
(1948) and of Gunn & Marshall (1958)7 N
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