Answer THREE questions
The numbers in square brackets indicate the provisond dlocation of maximum marks per
sub-section of aquestion.

StefanrBoltzmanncontat s = 5.67x10°8 Jm?K*s?t
Mean Sun-Earth distance AU= 15x10" m

Mean Sun-Venus distance 0.72 AU
Mean Sun-Mars distance 1.52 AU
Solar congtant at 1AU 1370 Wm?

1. Theequation of motion for ar in an amosphere may be written:

ﬁ =-2Wvanf - i
R r fn
where the coordinate n is directed norma to the flow and positive to the left, v isthe flow
veodity, r the atmospheric dengity, P the pressure, Wthe angular velocity of planetary
rotation, f the laitude and R the radius of curvature of the wind motion in the atmosphere.
Theradius of curvature is measured towards the centre of rotation and is positive when

pardld ton.

State and explain the two principa approximations to this equation and the main
assumptions needed to produce them. For each of the approximations, sketch and describe
the circulation of air in the Northern hemisphere and how it relates to low or high pressures
at its centre. How would these differ in the Southern hemisphere?

[12]

What is the Rossby number and how isit used to determine which gpproximation is vaid?
Cdculate its vaue for the following cases and comment on the nature of each system.

Planetary rotation Wind Sze Lditude
period (h) speed (ms?)  (km)
Low pressure 24h 12 1000 50
Cydone 24h 48 100 20
Tornado 24h 100 01 30
Great red spot (Jupiter) 9.8h 100 15000 20

[8]

2. What is meant by the term exobase? Show that, in an isotherma amosphere, the mean
free path at the exobase is equa to the scale height. [10]

Briefly describe the various processes by which particles may be lost from an amosphere.

Why is ges from the exosphere removed directly by the solar wind a Mars and Venus but
not Earth? What do you consider could be the most important exospheric |oss process at
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Pluto?

[10]
3. Name the four main regions of Jupiter’s atmosphere and sketch the verticd dructurein
that atmosphere as agraph of pressure againgt temperature.

[6]

Describe briefly the main heating and cooling mechaniams a work in each layer.
[8]

Explain the terms equilibrium and effective temperature when there is an internd heat source.
Given that Jupiter’ s equilibrium temperature is 56 K, its effective temperatureis 46 K, and
its dbedo is 0.29, caculate the magnitude of the internal heet source in units of the solar heet
input.

[6]

4. Why is the presence of ozone important for life on Earth? What is meant by the term
‘ozone hol€ ? What is the main ozone destruction mechanism and what are the chemica
reections involved? [6]

Describe why significant depletion of ozone only occurs over one of Earth’spoles at a
particular time of year. [10]

Why is ozone present in the stratosphere of Earth but not at Mars or Venus?
[4]

5. Sketch the spectrum of radiation from the Sun incident on the Earth and of the radiation
emitted from the Earth. Using the sketch, discuss the difference between the two and how
the properties of the atmosphere leads to a greenhouse effect. Discuss how an increasein

the optical depth affects the greenhouse effect usng the equation

B, =j¥(co* + 2)

Where By is the black bodly radiation from the ground, f isthe net radiation flux and ¢, is
the optica depth measured from the top of the atmosphere.

[6]
By equating the incident and emitted radiation flux, show that the equilibrium temperature of
abody in space which reflects no light is gpproximeately

T =279R*?
Kevin, where Ris the distance from the body to the Sun in AU.

Use this expression to calculate the equilibrium temperatures of Venus, Earth and Mars.

[6]
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Using your calculated values as a starting point, sketch the relationship between temperature
and water vapour pressure at the three planets. Use the sketch to discuss the greenhouse
effect due to water at the three planets. [8]
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