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ASTR/ATOC 3720 Quiz #] 27 Feb 2003

Instructions: You may put your answers right on the quiz sheets. If you need extra space
feel free to attach additional pages, but indicate by the question that you’ve gone to extra
pages. There is a stapler at the front of the room. The last page of the quiz lists
equations, constants, and conversions that you may need.

Remember: READ EACH QUESTION COMPLETELY!!!! SHOW YOUR
WORK!!!! BE CAREFUL OF UNITS!!!!

True or False (circle T or F to indicate True or False, each is wor
1. T oi :5

In the Earth’s northern hemisphere the rotation around a large low pressure
system is in the clockwise direction.
2. T 01@ In cool places in the universe we find that the most common molecules are
compounds containing helium because helium is the most abundant element around to
molecules with,

3. tF A low pressure gas at low temperatures will absorb light at discrete
velengths.
4, rF The thermosphere is so hot because of radiative heating by extreme

ultraviolet light from the Sun interacting with N, O,, and O in the processes of
absorption, ionization, and dissociation.

5. To The surface of Venus is so much hotter than expected by a simple radiative
equilibrium calculation because there is so much ozone in Venus’ atmosphere
produging a significant greenhouse effect.

6. To The terrestrial planets have more volatiles relative to the outer planets
because the terrestrial planets formed close to the Sun where volatiles could readily
condense out.

7. T 01@ If the optical depth of a gas is greater than one that means that it is nearly
transparent to light.

8. ®:>r F The spectrum of sunlight peaks in the visible wavelengths, but the spectra

diated by the planets tend to peak in the infrared wavelengths.

9. rF  If the temperature profile of an atmosphere drops off more rapidly with
Increasing altitude than the adiabatic lapse rate then it is an unstable situation and
conyection will most likely occur.

10.To The ideal gas law says that if you have a parcel of gas and you hold the
number density in the parcel constant but increase the temperature, then the pressure
will decrease.

Short Answers (Write a few sentences to answer each question):
11. Explain why the Earth has a stratosphere and mesosptieie
most of the other planets in the solar system do no
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12. Explain why winds near large scale pressure systems tend to move parallel to isobars
(/ even though the pressure forces are perpendicular to the isobars. (10 pts)
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13. The atmospheres of both Mars and Venus are composed of mostly CO,, yet while n q?k ‘é““fs
Venus has a huge greenhouse effect, Mars has only a small greenhouse effect. Why is ) ’i\}c\?‘
this the case? (10 pts) '
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Calculations (Perform the necessary calculations showing your all your work):
14. What is the pressure at 2 km above the surface of Mars if the surface pressure is 7.0
millibars, the temperature is constant with altitude and is 219 K, the mean molecular
mass of the predominantly CO, atmosphere is 7.3x10? kg, the specific heat of CO, is
851 % » the acceleration due to gravity is 3.7 m/sec?, and the mean distance from
Mars to the Sun is 1.52 AU. (10 pts) - (%
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15. Titan is a satellite of Saturn and has an atmosphere composed mostly of N, but with
some CH, and other gases. The pressure at the surface of Titan is 1.5 atm and the
temperature at the surface is 94 K. Titan, like Saturn is 9.52 AU from the Sun.
Titan’s albedo is 0.2 and the acceleration due to gravity at the surface is 1.35 m/sec?.

a. First, calculate the effective (equilibrium) temperature of Titan
T = [ Se (-01%_ [Bet¥a (1-on %
e D?* Yo @5:?);' 4 (5.@1—705 %@)

T = 5% |

b. Next, calculate the optical depth of th ¢ of Titan assuming the
“slab” or “two-stream” approximafion ({10 pts)

The " S\ab” mofiel gave us

; |

16. Suppose we send a probe to a planet around another star. Before it enters the planet’s
atmosphere it measures the flux coming from the star at a wavelength of 300 nm to be
1x10" 24w - After the probe lands on the surface of the planet it points its sensor

cmsec

toward the star again, which just happens to be directly overhead. This time it
measures the flux of 300 nm light reaching the surface as 8x10" l;"’”i. Calculate the

optical depth of the planet’s atmosphere at 300 n em-sec
o %o T
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Some potentially useful equations:
Power = Area-o- T

o _[So(i-a) 4
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p=n-k-T
dp=—g'n-*n‘1~-dz
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N=fn-ds

5
Tiotal = E T;
i

_2.9x10°wm K
max T
T =(l+1)- T

8

E=hv
[

V=_
A

Some potentially useful constants and conversions:

0 =567x 10‘*‘%"’%4
—
k=138 x 10 Joules

G = 6.67x10"" Newtons - m*
. —-—~———kg2

N, = 6.022 x 102 Particles
6.

mole

h =6.626 x 107> Joules- sec

Watts
m 2

S, =1368 at1 AU

., Or

L]

]
MlUl
3=
2o |~
RS
o
=
b3 | O
=

1m=100 cm=10°nwm =10"km

kg-m

S€C2

1 Newton =1

1 Joule =1 Newton - m

1 Wart =1 Joule
sec
1 Pascal =1 Y1 102 millibar
m

1 atm =1013 millibar =1.013 x10° Pascal
1AU =1.5%x10%km

c=3x10*"
sec




