Department of Physics

Examination paper for FY3201 & FY8902 Atmospheric Physics and Climate Change
Examination date: 30 May 2024

Examination time (from-to): 15:00-19:00

Permitted examination support material: C: Specified printed and hand-written support
material is allowed. A specific basic calculator is allowed.
Permitted material:

One side of A5 paper with printed or hand-written notes

Academic contact during examination:
Phone: Either Trond M. Thorseth @ 95 29 3041 or Patrick Espy @ 73 55 10 95

Academic contact present at the exam location: YES, at about 15:30

OTHER INFORMATION
Caution: do not click on any links in resource documents. This will end your test.
Get an overview of the question set before you start answering the questions.

Read the questions carefully and make your own assumptions. NOTE: Answers to
multiple choice questions are not exact and you must choose the closest answer.

If a question is unclear/vague, make your own assumptions and specify them on the exam.
The academic person is only contacted in case of errors or insufficiencies in the question
set. Address an invigilator if you suspect errors or insufficiencies. Write down the question in
advance.

No hand drawings: This exam does not include hand drawings. If you receive hand drawing
sheets, this is by mistake. You will not be able to submit the sheets, and they will not be
graded.

Weighting: The exam consists of 5 sections.
Ungraded Information and help-sheet pages
General knowledge of the subject: 15 questions at 4 points each (60%)
Short calculations: 4 questions at 4 points each (16 %)
Longer calculations: 4 questions at 6 points (24 %)
Ungraded feedback for information | should know regarding your answers

Notifications: If there is a need to send a message to the candidates during the exam (e.g.
if there is an error in the question set), this will be done by sending a notification in Inspera.
A dialogue box will appear. You can re-read the notification by clicking the bell icon in the top
right-hand corner of the screen.

Withdrawing from the exam: If you become ill or wish to submit a blank test/withdraw from
the exam for another reason, go to the menu in the top right-hand corner and click “Submit
blank”. This cannot be undone, even if the test is still open.

Access to your answers: After the exam, you can find your answers in the archive in
Inspera. Be aware that it may take a working day until any hand-written material is available
in the archive.



Each incorrect or blank answer will score zero points. Answers have been
randomized and are not exact. You must choose the best answer.

For all calculations use SI units!

You may take:

Molar mass of dry air: ~29 kg/kmole
Molar mass of helium: ~4 kg/kmole

Molar mass of H,0: ~18 kg/kmole
Molar mass of CO;: ~44 kg/kmole

273K=0°C 1hPa=102Pa=10*Nm?2 1latm=1013hPa g=9.8 ms2constantinz ¢c=3x108m-s?

Avagadro’s number: Na = 6.02x102% molecules/mole Boltzmann’s constant k = 1.38x10%3J/K

Stefan—Boltzmann constant: ¢ = 5.67x107% W-m™2-K™* Planck Constant: h=6.63x103* J-s

Solar photospheric temperature, Ts = 5786 K Radius of the Sun = 695800 km
Radius of the Earth = 6370 km 1 AU (Earth-Sun distance) =150x10° km
Radius of Venus = 6051 km Venus-Sun distance = 0.72 AU
Radius of Mars = 3396 km Mars-Sun distance = 1.52 AU
Latent heat of vaporization water: L,=2.5x10° J- kg Density of liquid water = 1000 kg-m™3
Latent heat of sublimation ice: L;i=2.8x10° J- kg™* Density of water vapour = 5x1073 kg-m™3
Gas constant for water vapour: R,=461 J-K*-kg! Surface tension of water droplet 75x10° N-m™
Values for dry air: Co=1004 J-K1-kg? C,=718 J-K1kg' R4=287 J-K'1-kg?
v=Co/ Gy K=Ra/Cp Re=Cp — C, Tear=9.8 K/km

L 1 1
Clausius—Clapeyron relation: eg; = 6.112 hPa - exp [R—v . (273 rin ;)]
v

Some integrals that may be of use:
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General Knowledge Questions (4 points each)

1) Matching radiometric units:

. Watts
Radiance ————
m~ sr nm
. Watts
Spectral Irradiance ~ ———
m~ nm
. J
Spectral Radiance 5
s m-sr
. Watts
Irradiance —
2

2) Which of the following graphs depicts unstable conditions on a skew T-P diagram, where
I" is the atmospheric lapse rate?




3) On the Skew-T log-P diagram, at a pressure of 1000 hPa an air parcel has a temperature
T=20 C and a dewpoint temperature of Td=5 C
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a) At what pressure would the parcel’s Lifting Condensation Level (LCL) be?
850 hPa 550 hPa 750 hPa 800 hPa 900 hPa

b) Ifthe parcel at 1000 hPa had a dew point temperature of 20 C and a temperature
of 20 C, what is the air parcel's temperature when it is lifted to 600 hPa?
0C -20C -10C -5C 5C

4) Which is not the case in baroclinic stratification?
a. is the lowest energy state of the atmosphere
b. isentropes are not parallel to isobars
c. potential energy can be converted to kinetic energy
d. can be caused by horizontal temperature gradients

5) Of the gases listed below, which is NOT believed to be responsible for enhancing the
earth's greenhouse effect?
a. molecular oxygen (O2)
b. chlorofluorocarbons (CFCs)
c. nitrous oxide (N20)
d. carbon dioxide (CO»)
e. methane (CHa)

6) The most abundant gas in the stratosphere is:
a. nitrogen (N2).
b. oxygen (O>).
c. carbon dioxide (CO»).
d. ozone (O3).
e. chlorofluorocarbons (CFCs).



7) Which two atmospheric layers have temperature profiles that allow convection?
a. Mesosphere and Troposphere.

Mesosphere and Stratosphere.

Mesosphere and Thermosphere.

Stratosphere and Thermosphere.

Stratosphere and Troposphere.

The correct answer is not shown.
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8) Relative to the Earth's surface, what does the Coriolis effect have on masses of air or
water that are displaced northward or southward?

a) Relative to the direction of travel, they turn to the right in the northern hemisphere
and to the left in the southern hemisphere.

b) Relative to the direction of travel, they turn to the left in the northern hemisphere
and to the right in the southern hemisphere.

c) The results are unpredictable; currents can veer right or left relative to the
direction of travel in either hemisphere.

d) Relative to the direction of travel, they turn to the right in both hemispheres.

e) Relative to the direction of travel, they turn to the left in both hemispheres

9) Molecular nitrogen (N2) does not absorb infrared dipole radiation to make vibrational
transitions because:
a. N2 has no permanent dipole moment.
b. N2 only makes rotational transitions at longer wavelengths.
c. False, N2 does absorb infrared dipole radiation to make vibrational transitions.
d. The dipole moment of N is perpendicular to dipole radiation.
e. The correct answer is not shown.

10) A small cloud droplet will evaporate a large cloud droplet?
a. faster than.
b. at the same rate as.
c. more slowly than.
d. it will not evaporate.
e. the correct answer is not shown.

11) If the atmospheric absorption of carbon dioxide at 15 pm becomes saturated, what
happens if carbon dioxide levels continue to increase?
a. Total absorption increases as lines farther from the band centre begin to
saturate.
b. Total absorption stays the same because it is saturated.
c. Total absorption begins to decrease near the band centre after it saturates.
d. The absorption continues to increase but only near the band centre.



12) If the greenhouse effect produces a temperature warming in the troposphere, why do we find
a net 2 K/day radiative cooling there as shown in the figure?
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a. The cooling offsets non-radiative processes that heat the atmosphere in this
region

b. The greenhouse heating is offset by this cooling, resulting in a steady
temperature.

c. That cooling is only affecting the radiation and not the temperature.

d. There is, in fact, a net cooling of the troposphere

e. The correct answer is not shown

13) In the two-stream approximation, the integral over wavelength and angle can best be
approximated as two streams at which angles to the vertical?
a. 53 and 127 degrees
24 and 156 degrees
35 and 145 degrees
42 and 138 degrees
60 and 120 degrees
The correct answer is not shown
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14) At a wavelength of 500 nm, the scatter from a 50 nm radius particle is approximately:
a) Rayleigh
b) Mie
c) Geometric
d) In the forward direction
e) Able to create a rainbow
f) The correct answer is not shown



Short Calculations (4 points each)

15) In the movie The Day After Tomorrow, the premise was that cold air in the mesosphere
would descend to the surface, normally at 1000 hPa and 288 K, and freeze everything.
Apparently, an atmospheric scientist pointed out their mistake, and in later versions you
can see they dubbed in “stratosphere” instead of “mesosphere”. If stratospheric air with a
temperature of 270 K at 50 km, where the pressure is 0.8 hPa, were to descend
adiabatically to the surface, what would its temperature be?

a. 2070 K
b. 1712K
c. 13K
d 35K
e. 6385K

16) A person perspires. How much liquid water (as a percentage of the person's mass) must
evaporate to lower the temperature of the person by 5.0 C. Take the specific heat of the
human body to be that of water, Cpw = 4200 J/kg/K

a. 1%
b. 3%
c. 5%
d. 9%

17) If the atmospheric pressure at the surface of the Earth is 1000 hPa, what is the mass of the
atmosphere in kg?

a. 5x10'8
b. 5x10'
c. 5x10'®
d. 5x10"
e. 5x10"

18) An air mass of temperature +10° C and pressure 1013 hPa contains 7 g/kg water vapour.
Calculate the relative humidity.

a. 90%
b. 60 %
c. 0.1%

d. 135%



Long Calculations 6 Points each

19) For an isothermal atmosphere at 20 °C and a surface pressure of 1000 hPa, how many
molecules are there in the Earth’s atmosphere?

a. 10M
b. 10%
c. 108
d. 10%
e. 107

20) An exoplanet orbits its star at a distance Rowir= 0.41 AU, and has a radius Rp=1.34*Recarth.
The planet has an albedo of 0.4 and emissivity of 1. The star it orbits has a radius Rs=
0.6*Rsun and a photosphere blackbody temperature of Ts—=4400 K. What is the planet’s
equilibrium temperature assuming it has no atmosphere?

a. -50C
b. -15C
c. 273K
d. 295K

21) an instrument of 100 kg. In a dry atmosphere it floats at an altitude of 40 hPa where the
temperature is 230 K. Assuming the temperature of the helium inside the balloon has
equilibrated with the temperature of the air outside of the balloon, what is the radius of
the balloon?

a. 9m
b. 40m
c. 6m
d. 30m

22) An incoming downward flux of short-wavelength radiation of 400 W/m? is incident at the
top of the atmosphere at a 45-degree zenith angle (there is no upward flux). The dry
atmosphere is isothermal with a temperature of 17 °C and a surface pressure of 1000 hPa.
There is a well-mixed absorber of mass mixing ratio 10 g/kg and a constant attenuation
coefficient k = 0.02 m? per kg of absorber.

How much power, in Watts/m?, is absorbed between 2 and 7 km.

a. 50

b. 3

c. 1800

d. 0.7

e. The correct answer is not shown





