NAAP InClass Worksheet: Retention of an Atmosphere (Instructor Version)

1. A sample of methane (16 u) gas at a temperatuB@@K is placed in an experimental
chamber. The graph below shows the distributiospeteds for particles of the gas.

[pistribution Piot Start the Gas Retention Simulator an
use theselect gasto add pull-down

menu to add methane. The
temperature should be 300K by defaulft.
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a) Indicate on the plot the most probable velogig the speed [ ¢, draggable cursor and drag the

at which the most particles are moving and writéhie value. cursor to the peak of the speed curve. This
shoulcindicate a speed of about 555 n

b . h | fth | Select methane in the Gases panel and sitiol distribution info for
) Next estimate the value of the average Velo( sgected gas. Drag the cursor (to the right) until 50% of the ggen

and show it on the graph. each side (about 600 m/ Point out that the curve is not symme

. . . Drag the cursor (further to the right) until onl§% of the
¢) Indicate the fastest moving 10% of the parida the grap| gasis on the right side (about 980 m/s). Poibtau

students the high speed region under the cL

d) An identical amount of helium (4 u) also at B46 now added
to the chamber. Sketch the speed distributionectowhelium.

Unclick show draggable cursor and use theelect gasto

add pull-down menu to add helium. You may wish tekli
start smulation button so they can see the difference in g3
particle speed. Click Stop simulation when finghe
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e) If the walls of the chamber are now configuredltow particles to escape that have a velocity of

Click allow escape from chamber and point out to students the location of the pscpeed on the speed
distribution plot. Then click thgtart simulation button. They should see the helium particlesdigscape
while the methane is relatively unchanged. Painto students that it is the fastest particles éina escaping,
yet the curve still reflects a true speed distitnut The simulation assumes that the timescatedigtribution
is much smaller than the escane timescale. Youldlask students if some methane escaned at
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Select helium in the Gases menu and click remoleetsel gas and then click
o s00 1000 1500 2000 reset proportions. You now have the original sengbimethane again.

Molecular Speed (m/s)

f) The chamber once again has the original sawipteethane at 300K. Draw in the new speed
distribution curve, if the temperature of the meinas lowered to 100K.

Drag thetemperature slider to 100 K and point out the changes in fheed
curve — value of peak and shape of curve. You meayt o move between the
100K and 300 K values and note the changes. Yguaisa wish to run the
simulations (withallow escape from chamber unselected) so that students can
see the change in speed distribution.
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2. You can now see a graph of speed (km/s) vpeesture (K) known
as a gas retention plot. Note that speed mayseptéhe escape speed |
of a planet (a point on the graph) or the averpged of a gas (a curve

on the plot).

3

Speed (km/s)

a) The Earth has an escape velocity of 11.2 kndsaamaverage surface
temperature of about 280 K. Indicate the locatibthe Earth on the

p|0t. Display the Gas Retention Plot. Drag the hot p@ed circle) to a speed
of 11.2 km/s ad a temperature of 280 K which represent the E

b) Draw in a small region representing where ri@ planets would "> = o
be found.

Now s o

| Click the Plot Optiorshow terrestrial planets. |

c) Draw in a small region representing where jo\pé&anets would be found.
Students may need hints regarding temperatureiaadClick the Plot Optiorshow jovian planets. |
d) Add the following satellites to the graph:
-- the moon which has an escape velocity of 2.4kand a temperature similar to the Earth’s, and
-- Titan (a satellite of Saturn) similar in masslaadius to the moon

Click the Plot Optiorshow icy bodies and moons. Explain that the moon can be located on thelgbgpmoving down from the Earth’s
location (temperature) to a speed of 2.4 km/sariTdan then be located by assuming that it hasassimass and size as the moon and thus has
the same escape velocity and has the same temgeaat@aturn. So move left from the moon’s pasitintil you are at beneath Saturn on
the araph.

Gases are shown on the plot as dashed lines abtes their average velocity as a function of
temperature. Regions on the plot with greaterareés are shown as a solid color. A solar system
body can retain a gas over billions of years ie#gsape velocity is more than ten times the average
velocity of the gas. The coloring fades to whit® aimes the average velocity. A solar system
body will rapidly loose a gas if its escape velpd#t less than 6 times the average velocity.

Unclick show icy bodies and moons leaving just ptarshowing. Then
check hvdroaen in the Gases pa o0
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e) The dashed line on the graph now shows theiQ,8urve for hydrogen. o0 e
Which planets will clearly be able to retain hydeagver long periods of time’

Point out that the Jovian planets are clearly allogenydrogen
curve and can thus can retain hydrogen for longpgsrof time.
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Then unchck hydrogen in the Gases panel and check nitrc
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f) The 10 x y4curve for nitrogen is now shown. Which planet8 alearly
NOT be able to retain nitrogen over long periodsrag?

Point out that only Mercury is below the 10 xg&nd the 6 x yq
line. Thus, Mercury and cannot hold on to nitrofmrmvery long.

g) Devise a procedure for using this simulataddétermine the minimum size of an asteroid in the
main asteroid below that could retain water vapa@rdong periods of time? =

Instructors should give students several minutekitd about this individually or in groups and thguery the class
for suggestions on the procedure and work throtigh i

First uncheck nitrogen in the Gases panel and civatgr. Note that the asteroid belt is in betw®ensand [ & | =
Jupiter corresponding to a temperature of abouK2@o drag the hot point (or use the slider) teraperature of

about 200K near the bottom of the chart. Astedgdsities vary considerably, but let's assume aevalightly less
than the density of Mars, say 3.0 gfaand use the slider to set this value. Now weikarease the radius of the
asteroid until it hits the 10 %, line for water vapor. This indicates a radiusibbut 3900 km which is much larger
than the size of the largest asteroids.
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